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Description 

This invention relates to the control of agricultural and horticultural pests and nmre particularly to the control of mol- 
luscs, including slugs, e.g. Deroceras reticulatum and snails, e.g. Monacha cantiana. For convenience, the invention 

5 will be described niainty in relation to slug control but it is to be understood that it is also applicable to the control of other 
molluscs that are harmful to plants in the field or greenhouse, or which carry parasites harmful to humans or animals. 

Slugs are a widespread pest of several major agricultural crops, particularly winter wheat, oilseed rape and pota- 
toes in the UK» other European countries, north and central America and Australasia. They are also a problem in horti- 
culture and to the domestic gardener. The most economically important slug species is the grey field slug, Deroceras 

10 reticulatum (family: Limaddae). arthough other limacid slugs and Arion (family: Arionidae), Tandonia, MHax (family: 
Mllacidae) and Boettgerilla species also can cause significant dan^ge. Snails also can be a pest problem in horticul- 
ture and agriculture, one example being Monacha cantiana (family: Heltddae). Examples of mollusc pests are listed by 
Qodan in "Pest Slugs and Snails" (1983, Springer-Verlag, Berlin). Molluscs may also carry pests which represent a haz- 
ard to human or animal health. Examples include Lymnaea species (family: Lymnaeidae), which carry the liver fluke 

75 Fasciola hepatica, and Bulinus species (family: Bulinidae) which can^y Opisthorcis sinensis. The families Limacidae, 
Arionidae. Mllacidae and Heliddae are members of the Order Stylommatophora. Tlie families Bulinidae and Lymnaei- 
dae are members of the Order Basommatophora. 

Current methods of control are only partially effective and the available chemicals are highly toxic to birds and 
mammals. Hence there is a clear need for more effective, more persistent and less toxic methods of mollusc control. 

20 It has now been discovered that nematodes of tiie genus Phasmarhabditis are effective control agents for a wide 
range of nfv>llusc spedes. Particularly effective Phasmarhabditis spedes are the related organisms P. neopapilbsa and 
R hermaphrodita which will be described further hereinafter. These species have been known for many years and are 
described in the literature, having been characterised especially by Andrassy in "A Taxononvc Review of the SubOrder 
Rhabditina (Nematode: Secernentina)" (1983, Orstom, Paris). However, tiie biological activity of these organisms 

25 against slugs and other mollusc pests has not hitherto been recognised. 

The present invention therefore comprises the use of Phasmarhabditis spedes for the control of agricultural and 
horticultural pests or human and animal health pests, especially molluscs. The organisms can be obtained from slugs 
in the field and cultured by methods described hereinafter to produce amounts suffident for formulation into suitable 
compositions for application in the field or greenhouse. Typical compositions for practical use utilise acceptable carrier 

30 materials such as peat, days, and other solids or semi-solid earners such as gel materials. Outdoor microplot and f ietel 
trials have shown tiiat the nematode can botii kill slugs and protect Chinese cabbage seedlings and wheat seeds or 
seedlings from slug damage at least as well as. or better tiian, metiik)cart), the best chemical cunrentiy available. 

Biology of the organism 

35 

The nematode was isolated from slugs collected at Long Ashton Research Station in (Sreat Britain. The nematode 
was found to be associated with a fatal disease in slugs wrtii characteristic symptoms, most noticeably a swelling of ttie 
slug's mantte. The nematode was identified as belonging to the Sut>-Order Rhabdrtina and further identified using a key 
(Andrassy, 1 983), The main taxonomic characteristics of this group are tiie mouthparts and tiie male reproductive struc- 

40 tures. The nematodes iSQiated at Long Ashton had a distinctive, short stoma with an isomorphic metastom, and males, 
when present, had petoderan bursas, fitting ttie genus Phasmarhabditis. Andrassy (1983) lists two species which are 
morphologically kJentical to these nematodes but are separated from each other on the t>asis of the number of males 
present in tiie populations. In Phasnmrhabditis neopapillosa males and females are equally abundant whereas in R 
hermaphrodita males are extremely rare. It is not yet known whether R hermaphrodita is a separate species or just a 

45 biological variant of R neopapiilosa (Andrassy 1983). R hermaphodita was first described by Maiqsas, in Archives de 
Zoofogie (1900), Vol 8 pp 464-624, who named tiie nematode Rhabditis caussaneli. He found resistant larval forms in 
the intestine of Arion ater which he collected in Nomrandy. He maintained cultures of the nematode on rotten flesh for 
two years. He found that the aduH worms were predominantiy protandrous autogamous hermaphrodites. Males were 
present in very small numbers (1 male for 1300 females) and ttie number of males in cultures was not affected by nutri- 

50 tional conditions. Maupas never witnessed males mating with the females, which showed no change in their fecundity, 
or the sex ratio of tiieir offspring in the presence of mates. Maupas did not consider this nematode to be a parasite of 
slugs. 

Phasmarhabditis neopapillosa was described by Mengert, who named tiie nematode Rhabdhis neopapillosa, in 
Zeitschrift fur Morphologie und Okologie Tiere (1953), vol 41 . pp 31 1-349 in his studies on ttie relationships between 
55 nematodes and terrestrial molluscs. He found tiie nematode as resistant lan/al stages fdauer larvae*) in ttie hind gut of 
ttie slug Umax dnereoniger. Mengert considered R neopspilbsa to be a saprophyte which thrives on decaying mate- 
rial for many generations, but when conditions become unfavourable the juveniles fail to mature and form resistant non- 
feeding dauer lanme. He considered the lifestyle of R neopapillosa to be identical to two other species, Phasmarhab- 
dhis papulosa and R hermaphrodita. He considered that the dauer larvae of ttiese three spedes wander, when the 
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opportunity arises, into tlie body off slugs where they remain as dauer larvae until the slug dies, after which they develop 
and reproduce, feeding on the corpse. Mengert thought that the stay in the slug was not a necessary part of the nem- 
atod life cycle but he considered that the dauer larvae of these species did show a degree of adaptation to life within 
slugs. However, he stated that they are not parasites of slugs. 

5 Nematodes can be isolated from slugs collected from the field using bran baited traps left in an area of rough grass- 
land. Once collected the nematodes can be isolated from the slug's gut or mantle cavity following dissection. Many spe- 
cies of nematodes are associated with slugs (Mengert, 1953) and it is necessary to confirm the Identification of R 
hermaphrodita and R neopapilfossi using a taxonomic key (Andrassay, 1983). If only infective stage nematodes (dauer 
larvae) are found in the slug it is necessary to culture the nematodes in order to identify them. 

10 Phasmarhabdftis nematodes have been isolated at Long Ashton on a number of occasions. In some cases the 
population of nematodes consisted of males and females, whereas in other cases the populations consisted of her- 
maphrodites only Nematodes from both types of population were examined using light microscopy and scanning elec- 
tron microscopy. Protein profiles from the different populations also were examined following separation of proteins by 
so-electric focusing. No differences between populations were found using any of the above methods. The isolated 

15 nematodes correspond to the available descriptions of both R neopapitlosa and R hermaphrodita. 

Phasmarhabditis nematodes can be produced by methods to be described in this specification. It is already known 
in the art that insect parasitic nematodes can be produced on a large scale for commercial use by liquid culture, using 
stined tank or airlift fermenters, or by solid culture in bags or trays of foam chips. Similar techniques can be used for 
large scale production of R hermaphrodita or R neopapillosa. Thus the nematode used in accordance with this inven- 

20 tion is readily cultured on kidney-based medium in foam chips or In liquid culture, using similar techniques to those used 
for production of insect parasitic nematodes. For the purposes of the present invention it is recommended that the cul- 
ture of nematodes is harvested at the dauer larvae stage. 

Requirement for associated bacteria 

25 

Phasmarhabditis nematodes are bacterial feeders. Many bacterial isolates have been found to be associated with 
Phasmarhabditis nematodes after isolation from moribund slugs. We have investigated the relationship between the 
nematode and these associated bacteria in order to determine which bacteria can support good nematode growth and 
to compare the pathogenicity of nematodes reared on different species of bacteria. 

30 In order consistently to produce high yietels of Phasmarhabditis nematodes which are pathogenic to molluscs it is 
preferable to grow them in cultures with one known assodated bacterium (monoxenic cultures) and so a method of 
selecting individual species of bacteria capable of supporting nematode growth is needed. Bacteria capable of support- 
ing nematode growth can be isolated from within nematodes, from nematode cultures growing on a mixed microbial 
population, from slugs infected with bacteria and from slug corpses infested with the nematodes. Nematodes can then 

35 be freed from all contaminating bacteria, and introduced into cultures with the different individual species of bacteria. 
Incubation of these cultures allows the selection of k>acterial isolates capable of supporting nematode growth. 

Approxinrately 1 00 bacterial isolates have been otJtained from the nematodes: from slugs infected with nematodes 
and from dead slugs infested with nematodes. 15 of which have been tested for their ability to support nematode 
growth. Of these, 9 isolates, representing 8 species, were found to support good nematode growth on agar. The 8 spe- 

40 cies of bacteria, which were found to support good nematode growth are as follows: 

Pseudomonas fluorescens 
Providenda rettgeri 
Serratia proteomaculans 
45 Aeromonas salmonicida 
Moraxelia phenylpyruvica 
Bacillus cereus 
Flavobacterium odoratum 
Flavobacterium brevi 

so 

The ability of nematodes reared on different species of bacteria to kill slugs can be tested in a bioassay. In such a 
bioassay slugs are exposed to different numbers of nematodes and the resulting slug mortality is recorded. Using this 
method, quantitative measures of pathogenicity (e.g. LD50) of nematodes against slugs can be obtained and used to 
compare the pathogenicity of nematodes reared on different species of bacteria. It is important that the nematode is 
55 supplied in associatk)n with specific bacteria because bacteria are essential not only for growth of the nematode (both 
in vitro and in vivo) but also for their ability to kill slugs. The nematode carries assodated k)acteria on entry into tiie slug 
thus allowing rapid estat)lishment and multiplication of the nematode leading to the deatti of the slug. 

Examples of suitable bacterial strains are Moraxelia phenyip/ruvica strain 48 and Pseudomonas fluorescens strain 
141, samples of whk:h have been deposited under the Budapest Treaty with the National Collection of Industrial and 
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Marine Bacteria' urKier Accession Numbers NCIMB 40508 and NCIMB 40509 respectively, on 9 June 1992. The strain 
Pseudomonas fluorescens 141 Is a gram negative oxidase positive, catalase positive k>acterium which is non-oiotile 
and scores negative in the 0/F (Hugh and LeHson) test for aerobic or anaerobic breakdown of glucose. The strain 
Moraxefla phenylpyruvica 48 is a gram negative, oxidase positive, catalase positive bacterium which is non-motile and 
5 scores negative in the 0/F (Hugh and Leifson) test. Biochemical profiles of both strains on standard sitetrates (API 
ZONE test strip) is shown below. 
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50 Useful variants of M, phenylpyruvica strain 48 and P. fluorescens strain 1 41 may be obtained by r^eated sub-cul- 
turing of pure cultures of these strains. Variants may also be obtained either by re-Isolating bacteria from 
Phasmarhabditis nematodes previously grown In association wHh either of the strains or by re-isolating bacteria from 
slugs infected with nematodes. Such variants may have incurred genotypic or phenotypic changes as a result of envi- 
ronm^Ttal influences or selective pressure. Useful derivatives of M. phenylpyruvica strain 48 and P fluorescens strain 

55 141 may b constructed by the introduction of DNA coding for desirak)le attrOxjtes from otha- organisms. Methods for 
introduction of foreign DNA into bacteria are well known to those skilled in the art and include techniques such as plas- 
mid transfer, transduction and transfection. Useful mutants of M. pherry^yruvica strain 48 and P fluorescens strain 141 

* Address: 23 St. Machar Drive. Aberdeen, AB2 IRY, Uv&ed Kingdom 
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may be obtained by mutagenesis using methods, well known to those skilled In the art. such as chemical (eg nitro- 
soguanidine). physical (ultraviolet light) and genetic (transposon mutagenesis) techniques. Such variantSp derivatives 
and mutants of the strains may be altered with respect to characteristics such as growth rate or the ability to grow on 
certain food sources but will retain the essential characteristics relevant to this invention le the ability to both support 

5 growth of Phasmarhabditis nematodes and to induce pathogenicity towards mdluscs. 

For use in control of agricultural pests, nematodes are harvested from fermertters by centrifugation, filtration or set- 
tling under gravity The nematodes are washed to remove spent medium conponents and either formulated immedi- 
ately or stored as cooled, aerated aqueous suspensions prior to subsequent formulation. Nematodes can be formulated 
for agricultural use as aqueous suspensions, on solid carriers such as charcoal, days, peat, vermiculite or polyether- 

10 polyurethane sponge, or encapsulated in gets such as alginate or polyaaylamide. A particularly desirable fbrnudation 
contains desiccated or partially-desiccated nematodes. The formulated nematodes can be applied for control of pests 
by fbrnning an aqueous suspension and applying this to the area to be treated by spray, irrigation or drench. 

Example 1 . Method for isolation of Phasmarhabditis nematodes 

IS 

Living nematodes extracted from slugs collected from the field using bran baited traps are placed on kidney-k>ased 
agar medium made by mixing 10% homogenised pig kidney. 3.5% corn oil, 2% agar and 84.5% water (% by weight) 
which is then sterilised by autoclaving and poured into petri dishes. The medium encourages the growth of the bacteria 
associated with the nematodes. The nematodes feed on these bacteria and grow and reproduce on the plates. 

20 

Example 2. Isolation of bacteria associated with nematodes or nematode-lnfected slugs 

Bacteria associated with nematodes or nematode-infected slugs can be isolated by any of the following methods: 

25 (i) Isolation of bacteria from within nematodes 

Nennatodes are surface sterilised by immersion in 0.1% (w/v) sodium ethylmercurithiosalicylate (Thimerosal) for 1 
hour then transferred to fresh Thimerosal for a further three hours. Bacteria can be liberated from nematodes using 
sterile microbiological techniques in either of two ways: 

30 

a) Individual nematode larvae are transfen^ed to a drop of sterile saline on a flame sterilised microscope slide. The 
nematodes are then cut at several sites along the length of their bodies. The drop of saline complete with nematode 
corpse is then transferred using a sterile pasteur pipette to a 9 cm petri dish of nutrient agar where it is spread over 
the surface using an alcohol-flamed glass spreader. 

35 

b) Many surface sterilised nematodes are suspended In 1 ml of sterile Ringer's solution which is transferred to a 5 
ml teflon tissue homogeniser. The nematode suspension is ground and then transferred to 9 ml of sterile nutrient 
broth. The broth Is shaken vigorously and serial dilutions are made. 0.1 ml alquots of each dilution are placed onto 
plates of nutrient agar and spread using a glass spreader and incut>ated. After 48 hours incubation at 25''C, differ- 

40 ent bacterial isolates can be selected on the basis of colonial morphology and $ubcultured using standard micro- 
biological techniques. 

Oi) Isolation of bacteria from xenic foam chip cultures 

45 Foam chips containing nematodes and bacteria are taken from thriving xenk; cultures using alcohol-flamed forceps. 
Each chip is put into a tube containing 10 ml sterile nutrient broth and agitated. Serial dilutions of the resulting bacte- 
rial/nematode suspension are made and 0.1 ml aliquots of different dilutions are spread on nutrient agar plates and 

incut)ated. 

so (iii) Isolation of bacteria from live slugs infected with nematodes 

R hermaphrodita/R neopapillosa infects and multiplies in the mantie region of slugs and it is from within this region 
that bacteria can be isolated. The mantie is first swabt>ed witii dry cotton wool buds to remove as much slime as possi- 
ble. The surface of the mantie then is swabbed witii 70% (v/v) etiianol to surface-sterilise ttie mantle. Aflame-sterilised 
55 mounted n edie is used to pierce the mantie then drops of fluid on tiie end of tii needle are transferred directiy to nutri- 
ent agar plates where th^ are spread usirrg a glass spreader and incubated. 
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(iv)lsolatl n of Bacteria from Dead Slugs 

Smears of tissue from slug corpses which have died following nematode Infection and are covered in nematodes 
are suspended in nutrient broth using a bacteriological loop. Serial dilutions are made fr m this suspension and 0.1 ml 
5 aliquots spread onto nutrient agar plates and incubated. 

Example 3. Method for selecting bacteria wtilch support good nematode growth 

Before it is possible to saeen different bacteria for the ability to support nematode growth it is first necessary to 

10 obtain nematodes free from bacteria. The female reproductive tract of nematodes is generally sterile (Poinar and 
Hansen, Helminthological Abstracts, Series B [1986] Vol 55 3 pp 61-81) and thus J1 juveniles immediately after 
hatching are sterile. Individual gravid adult nematodes selected from nematode cultures or slugs are transferred to a 
sterile watch glass containing 0.02% (w/v) Thimerosal, where they are left overnight at lO'^C. During this time eggs 
hatch within the adults and the juveniles (J1) are released. The following day the juveniles are transfen^ed by pipette to 

15 centrifuge tubes filled with 10 ml of quarter strength Ringer's solution containing 500 units/ml penicillin Q and Strepto- 
mycin sulphate. The juveniles are kept in this solution for a further 24 hours at 10*C. Tliey are then concentrated by gen- 
tle centrifugation (50 x G fbrlO minutes), collected from the bottom of the tube, resuspended in fresh sterile quarter 
strength Ringer's solution and spun down again. The resuspension and centrifugation is repeated once more to remove 
any traces of antibiotics. The larvae are then placed in a sterile watch glass. The nematodes can then be harxJIed indi- 

20 Wdually using micro-pipettes made by drawing out dropping pipettes in a bunsen flame to a width of approximately 0.1 
mm. Nematode cultures are grown on kidney agar (as described in Example 1) in 3 cm petri dishes. One bacteriological 
loopful of 1 8 hour nutrient broth culture of the bacteria to be tested is streaked over one half of the 30 mm kidney plates. 
Ten axenic juvenile nematodes, obtained as described in Example 8, are added at the edge of the petri dish in the half 
without bacteria, so that nematodes have to move at least 15 mm across a bacteria-free surface before reaching the 

25 test bacterium. The plates are incubated at 1 5''C. Any bacteria present with the nematodes which have not been killed 
during the axenisation process form visible colonies on this half of the plate and the plates can be discarded. After one 
weeK plates showing bacterial contamination In the "clean** half are discarded. After two weeks the numbers of nema- 
todes present on plates can be counted by direct microscopic examination; the lid of the petri dish is removed and 
replaced with another lid pre^'ously marked with a counting grid. After three weeks nematodes can be counted again 

30 by flooding nematodes off the agar in a known volume of water and counting the numbers present in the resulting sus- 
pension using a Peters 1 ml counting chamber. 

Nine different species of bacteria collected using the methods described were screened for their ability to support 
nematode growth. The results are shown in Table 1. 

35 



40 
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Table 1 



5 


Numbers of Phasmarhabditis nematodes per petri dish after two arxl three 
weeks growth in monoxenic culture with different k)acteria. Data were trans- 
formed to logarithms tor statistical analysis. 




Bacterium 

uawi^i lui ■ I 


Week 2 


Week 3 


70 




Numbers 


Log 


Numbers 


Loa 


Axenic 


2 


0.41 


0 


0.00 




Bacterium 1A 


170 


2.18 


18090 


4,22 




Bacterium 17 


0 


0.04 


0 


0.00 


15 


Bacterium 34 


1 


0.13 


890 


1.00 




Bacterium 48 


60 


1.70 


54060 


4.73 




Bacterium 54 


8b 


1.53 


25950 


4.39 




Bacterium 77 


1160 


3.06 


86340 


4.93 


20 


Bacterium 83 


520 


2.46 


67000 


4.78 




Bacterium 141 


690 


2.77 


75220 


4.85 




Bacterium 156 


250 


2.26 


83630 


4.89 


25 


S.E.D. for comparing log. nematode numbers ^ 0.204, 128 D.F. 



After three weeks there were highly significant (P <0.001) differences in the ability of the bacteria to si^sport nem- 
30 atode growth. 

Example 4. Method for mass cultivation of Phasmarhabditis nematodes by foam chip culture 

The nematodes can be mass cultured on polyether polyurethane foam chips using techniques similar to these 

35 developed for mass rearing insect parasitic nematodes (Bedding, in Nematologica (1981). vol 27, pp 109-114 and 
Annals of Applied Biology (1984), voM04, pp 1 17-120). The medium consists of 65% pigs kkJney. 15% beef dripping 
and 25% water (% by weight). The kidney is chopped into small pieces, the water is added then the mixture Is 'liquidized' 
in a Waring blender. The beef dripping is melted in a large pan ovar a gas ring then the kidney homogenate is added 
and mixed thoroughly with the fat and cooked until brown. The mixture is then returned to the Waring blender and 

40 ground once again. This mixture is then mixed with foam chips, with 12 parts by weight of medium being added to 1 
part foam chips. This medium can be dispensed into conical flasks, or autoclave bags as desaibed by Bedding (1984). 
Foam chip cultures are inoculated with nematodes and bacteria simultaneously. Each bag is slit open at the top and 75 
ml of an overnight culture of bacteria is added. The bacterial culture can be in the form of a mixed nrticrobiat population, 
obtained as desaibed in Example 2, or as a pure culture of a bacterial strain selected for the ability to support good 

45 nematode growth as desaibed in Example 3. Nematodes on agar from petrl-dishes a on foam chips from previous bag 
cultures are added. Culture bags are incubated at ^&*C for three weeks after which time many infective juveniles can 
be seen on the inside of the bags, having left the spent medium. Nematodes are harvested from the foam chips by a 
modified fonnel extraction technique, similar to that used for collecting nematodes from soil samples. 17.5 cm diameter 
copper soil sieves are lined with a 1 7.5 cm milk filter arxl placed in 50 cm flower-pot saucers. The foam chips from the 

50 bags are placed in the sieves to a depth of approximately 2 cm and the flower-pot saucers are filled with water until the 
water level just reaches the bottom of the foam chip layer. The sieves are then left overnight during which time live n^- 
atodes swim through the ntilk fitters and collect in the water below. After cleaning the nematode suspension of spent 
medium and bacteria by changing the water several times, the nematodes are stored in aerated water at lO^'C until they 
are required. 

55 

Example 5. Liquid culture of mon xenic Phasmarhabditis nematodes 

Axenised nematodes were cultured on a sold medium (kidney based) with the appropriate bacteria. After 3 weeks 
the nematodes were transferred to Ik^ukJ culture. 
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The nematodes were grown in shake f lask culture under the following conditions: 

Medium - 10% kidn y, 1% yeast extract, 3.5% corn oil. 
Flask " 250 ml conical flasks with 50n^ of medium. 
Temperature - 15*C. 
Shaker speed - 200 rpm. 

The flasks were inoculated with 1 ml of a t)acterial spedes grown in nutrient broth. After 24 hours the nematodes 
were washed into the flasks with sterile tap water and lncut)ated for three weeks. 

The nematodes were washed twice with sterile water and counted. The nematodes were then used as inoculum 
for culture experiments. Nematodes were added to culture flasks at the rate of 3000 nematodes^ml to flasks pre-inocu- 
lated with bacteria. 

The nematode was cultured with 4 different bacteria. Nematode counts were carried out at different times during 
the culture period. Dauer larvae (also known as infective juveniles) were assessed as nematodes with a retained sec- 
ond stage cuticle. 

Nematodes were counted after 20 days incubation and the results are expressed in Table 2. 



Table 2 



Liquid culture of monoxenlc nematodes 


Bacterium 


lyiean no of nematodes per ml 




No of Repli- 
cates 


Dauer Larvae 


Other Stages 


R fluorescens 


6 


1220 


110 


proteomaculans 


6 


11500 


7400 


R rettgeri 


6 


99900 


189000 


M. phenylpyruvica 


3 


72000 


223000 



Mass production of the nematode by liquid culture in large scale fermentation vessels, based on the conditions 
desaibed in this Example, can be achieved easily by tiiose skilled in tiie art 

Example 6. IMethod for selecting bacteria which confer pathogenicity against slugs 

Nematodes grown in monoxenic culture witti two species of bacteria, Providencia rettgeri and Moraxella 
ptienylpyrvvicsi, as desaibed in Example 5, were tested for patiiogenicity against the slug Deroceras reticulatum Plas- 
tic boxes (1 35 X 75 X 50 mm) were filled with 440 g air-dried soil aggregates. 1 2.5 - 25 mm In diam^er. which had been 
obtained by sieving. The soil aggregates from each kx3x were removed and soaked in 80 ml of water. 

Untreated boxes witiiout added nematodes and boxes treated with five nematode doses (15000, 23000, 35000, 
55000 and 75000 nematodes per plastic box) were used. Two replicate boxes were used for all six treatments for both 
batches of monoxenic nematodes. 

The nematodes were counted and tiie appropriate number suspended in 50 ml of tap water. The aggregates were 
replaced in the box and the nematode suspension was distributed evenly over tiie surface of the aggregates layer l>y 
layer. Ten D. reticulatum were placed between the middle layers of each box. 50 ml of tap water was distributed evenly 
over the aggregates in tiie boxes witiiout added nematodes so that the final moisture content in each box was approx- 
imately 30% (w/w). 

The slugs were kept in the soil for a five day infection period at 1 0^C after which they were removed and transferred 
to Petri dishes where they were kept individually and fed discs of Chinese cabbage leaves. Aft^ a further nine days at 
lO'^C (fourteen days after initial exposure to the nematodes), the numbers of dead and living slugs were recorded. Mor- 
tality data were corrected for fc)ackgrourxJ mortality as seen In tiie untreated boxes. Corrected mortality data were plot- 
ted against nematode dose for nematodes grown in monoxenic culture witti both bacteria. 

In tills experiment nematodes grown witii M. phenylpyruvica and Pr. rettgeri were pathogenic to D. reticulatum. 
This method can be used to select other strains of k)acteria. ag. R fluorescens strain 141, whk:h confer patiiogenicity 
against slugs. 



8 



'1 



EP0598746B1 
Example?. F rmulatlon f P/iasmor/vaMIT/s nematodes 

Monoxenic Phasmarhatxiitis nematodes, which had been grown in association with M. phenylpyruvica strain 48 as 
described in Example 5. were harvested by c ntrifugation and washed in water by a repetitiv process of settling and 
5 resuspension in fresh water until the nematodes were free of residual growth medium. The washed nematodes were 
concentrated by centrifugation to produce a nematode aqueous paste which contained in the range of 0.1 x 10^ to 2.0 
X 10^ nematodes per gram of paste. The nematode paste was nvxed with a calcium montmorillonite day to produce a 
water-dispersable powder composition containing from 0.05 x 10^ to 1 .8 x 10^ nematodes per gram (wet weight). 

10 Example 8. The ability of Phasmorhabditis nematodes produced by foam chip culture to kill different species 
of slugs 

PhasmarhsMitis nematodes which had been cultivated on a mixed bacterial flora using methods described in 
Example 4 were bioassayed against six pest species of slugs. These were Deroceras reticulatum, D. caruanae, Arion 

15 ater, A, intermedius, A distinctus and Tandonia (Milax) sowerbyi. The slugs were collected from bran baited traps at 
Long Ashton Research Station during November 1990. All slugs were adults except for A. ater which were juveniles 
(mean weight 770 mg). The nematodes were reared in xenic foann^ip bag cultures as described in Example 4. Air 
dried coarse soil aggregates of diameter 12.5-25mm which had been obtained by sieving were placed in plastic boxes 
(135 X 75 X 50 mm), with 440 g air-dried soil aggregates per box. Approximately 1.9 x 10^ infective larvae of 

20 Phasmarhabditis were added to each of the nematode^treated boxes suspended in 130 ml of tap water. 130 mi of tap 
water without nematodes was added to the untreated boxes. Ten slugs were placed in each box except for the larger 
slug species (71 sowerbyi and A ater), for which five slugs were kept in each box. Seventeen A distinctus slugs were 
treated with nematodes and eighteen were kept as untreated controls. For all other species twenty slugs were treated 
and a further twenty left as untreated controls. The slugs were left in the soil for a five-day infection period after which 

25 the soil boxes were dismantled and the number of dead slugs recorded. Surviving slugs were transfenred to 9 cm petri 
dishes lined with moist filter paper where they were kept individually and fed leaf discs of Chinese cabbage. Soil boxes 
and petri dishes were kept at 1 0^'C for the duration of each bioass^. Numbers of dead slugs were recorded twice more 
at three day intervals. Mortalities of individual slug species in treated and untreated cells at any time were compared 
using a chi^ test The results are shown in Table 3. 

30 



Table 3 



Percent mortality in different species of slugs 8, 11 and 14 days after treatment with nema- 
todes or being left untreated. 


Slug Species 


Days 


Day8 


Dayli 




Treated 


Untreated 


Treated 


Untreated 


Treated 


Untreated 


Deroceras reticulatum 


100 


10 


100 


25 


100 


40 


Deroceras caruanae 


70 


10 


100 


15 


100 


20 


Arion ater 


5 


0 


40 


0 


100, 


0 


Arbn intermedius 


100 


40 


100 


60 


100 


70 


Arion distinctus 


6 


6 


88 


11 


100 


28 


Tandonia sowerbyi 


20 


15 


80 


15 


100 


25 



SO After the five day infection period tiie differences in mortality between nematode-treated and untreated slugs were 
highly signifteant (P<0.001) for D. reticulatum, D. caruanae, and A intermedius. Differences in ntortalities between 
treated and untreated slugs for tiie otiier three species were not significant at this stage. After eight days tiie differences 
in mortalities between treated and untreated slugs were significant fbr all species tested (P <0.001 for D. reticulatum, 
D. camanae, T sowerbyi and A distinctus, and P <0.01 for A ater, and A intermedius). By day 1 1 all slugs treated 

55 witii nematodes had died. The differences in mortalities between treated and untreated slugs were significant for all 
species (P <0.01 fbr A intermedius and P <0^001 for all otiier species). The difference was not as great fbr A 
intermedius because many of the untreated slugs had died. 

It is dear from these results tiiat Ptwsmart}abditis nematodes are capable of killing all the slug species t^ed. 
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Example 9. The ability of Phasmarhabdltis nematodes produced by foam chip culture to control plant damage 
caused by the field slug Deroceras reticulatum under field conditi ns 

A mini-plot field experiment was earned out to compare slug damage to Chinese cabbage seedlings in untreated 
5 plots, plots treated with methiocarb pellets (generally considered to be the best available chemical for slug control) and 
plots treated with a single high dose of nematodes produced by foam chip culture with a mixed bacterial flora as 
desaibed in Example 3. The test was done in a series of 40 micro-plots containing a loam soil on a bed of coarse 
gravel. The plots were 70 x 70 x 30 cm deep and were separated by either wood or concrete barriers, surmounted t>y 
a fence. 10 cm high, of 0.8 mm woven copper mesh to act as a barrier to slug movement between plots. 
10 Thirty-six of the plots were populated with slugs between March and June 1989. No slugs were added to the 
remaining 4 plots which were used as a measure of the resident slug population. Five field-collected adult D. 
reticulatum were added to each of the plots to be populated. These slugs had been kept in quarantine boxes for at least 
two weeks to ensure they were not carrying any parasites. Thirty-fbur laboratory reared neonate D. reticulatum were 
added to each plot throughout the three-month period so that at the start of the experiment slugs at many stages of 
15 development were present. 

The experimental design consisted of nine replicates of four randomized bk)cks, each block consisting of two 
untreated plots, one plot treated with nematodes and one plot treated with methiocarb pellets. 

1 .05 X 10^ nematodes were suspended in 900 ml of tap water and drenched over each plot using a watering can 
fitted with a rose. A further 100 ml of tap water was ijsed to rinse the can out and then poured onto the plots. One litre 
20 of tap water was also added to the untreated and methiocatb-treated plots. Methiocarb pellets were added at the rec- 
ommended field rate (5.5 kg/ha = 0.275 g/plot). The pellets were weighed out and distributed evenly over the plots by 
hand..The plots were irrigated from an overhead pipe throughout the course of the experiment, to ensure that conditions 
were favourable for slug activity. 

At the start of the experiment, young Chinese cabbage seedlings which had been grown in a glasshouse were 
25 planted out. nine seedlings in each plot arranged in a 3 x 3 square. These were examined twice weekly and the amount 
of slug damage to each seedling was estimated to the nearest 5 percent 

Two weeks after planting, the seedlings in some of the untreated plots were completely destroyed, so remnants of 
the okl seedlings were removed from all the plots and new ones planted. This v^s repeated after a further two weeks. 
After two more weeks the experiment was finished (six weeks in total). Seeding damage was recorded twice weekly 
30 throughout the course of the experiment. The copper mesh barriers between plots in one of the treatment blocks (Block 
9) became detached after the first four weeks allowing slug movement between plots, so these plots were ignored and 
the results shown for the fifth and sixth weeks represent only 8 blocks. 

At the end of the experiment two soil samples 25 x 25 x 10 cm deep were taken from each plot of the remaining 8 
blocks, one sample being taken from the middle and one from the South East corner of each plot The samples were 
35 gradually flooded over nine days in the LARS slug extractk)n unit (Glen & Wiltshire, in Proceedings 1986 British Crop 
Protection Conference (1986), vol 1, pp 139-144), and the slugs were removed from the surface daily. 

The amount of slug damage to the seedlings in each treatment during the course of the experiment is shown in Rg. 

1. 

Analysis of variance following angular transformation to stabilise the variance shows that both methiocarb pellets 
40 and the nematode significantly (£ <0.001) reduced the amount of slug damage to seedlings. At the first reading (four 
days after treatment) there was significantly (P <0.05) more damage in the plots treated with nematodes than in plots 
treated with methiocarb, txjt as the seedlings outgrew the initial damage the difference between the nematode and 
methiocarb treated plots nan^owed. By the end of the first week the nenr^tode treated plots showed less damage than 
the methiocarb treated plots, but this difference was not significant. After 1 7 days (first examination of the second batch 
45 of seedlings) the nematode treated plots had significantly less (P <0.05) damage than the methiocarb treated plots, and 
this persisted (E <0.01) until the end of the experiment 

Three species of slugs were found in the soil samples. Deroceras reticulatum, Deroceras caruanae and Boett- 
gerilta pallens. In all plots, only 2 D. caruanae were found, but 89 d. pallens were fowKl compared with 55 D. retkxila- 
tum. The 0. pallens were presumat^ly introduced Into the plots some time previously and had reproduced and colonised 
50 them throughout The preferred diet of this slug is not known but in laboratory tests it did not damage Chinese cabbage 
leaves during three weeks exposure without any altemative food source. It is therefore unlikely that this slug was caus- 
ing damage to the seedlings in this trial. No O. reticulatum were found in soil samples from the four pkrts to which mne 
was added. This suggests that unlike B. pallens there were few if any D. reticulatum in the pk>ts before the start of the 
experiment. 

55 Total slug numbers and biomass extracted from the different treatments were transformed to square roots for sta- 
tistical analysis. The results are shown in Fig 2. 

Significantly fewer slugs were extracted from nematode-treated than from untreated plots (P <0.01 for all slug spe- 
cies and for D. reticulatum alone) and fewer were extracted from m6thiocart>-treated than from untreated plots (£ <0.05 
for all slug sped s arxi for D. reticulatum alone). Although fewer slugs were extracted from nematode-treated ptots tfian 
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from those treated with methiocaib. this difference was not significant. No D. reticulatum were extracted from the nem- 
atode-treated plots suggesting that this species had been almost eliminated from these plots. The numbers of a 
pallens were not significantly affected by nematodes or methiocarb although fewer B. pallens were found in nematode- 
treated plots than untreated plots. 

5 

Example 10. The ability ol monoxenic Phasmarhabditis nematodes to kill different species of mollusc pests 

Monoxenic Phasmarhabditis nematodes, which had been grown in association with M. phenylpyrvvica strain 48 as 
desaibed in Example 5, were bioassayed against various mollusc pest species, including Monacha cantiana (the Kent- 
10 ish snail), as desaibed in Exanple 8. The results are shown in Table 4. 



Table 4 



Percent mortality in different species of pest mollusc after 
treatment with monoxenic nematodes or being left 
untreated 


IMollusc Species 


Duration 
of Bio- 
assay 
Ways) 


TVeated 


Untreated 


Deroceras reticulatum 


11 


100 


15 


Deroceras caruanae 


11 


100 


10 


Monacha cantiana 


5 


100 


0 


Arion inter medius 


5 


100 


d 


Arbn distinctus 


11 


100 


0 


Tandonia sowerbyi 


11 


70 


5 



The differences in mortalities between treated and untreated molluscs were significant for all species tested (P 
<0.001), indicating that ail the species of mollusc pest tested were susceptible to Phasmarhabditis sp. monoxenlsed 
35 with M, pnenylpyruvica strain 48. The activity spectrum of monoxenic nematodes Is unaltered in comparison to xenic 
nematodes. 

Monoxenic Phasmarhabditis nematodes were grown in association with M. phenylpymvica or P rettgeri as 
described In Example 5» and bioassayed at various dose rates against the slug species D. reticulatum as described in 
Example 8. The results are summarised in Figure 3. Both types of nrK}noxenic nematode are active against D. 

40 reticulatum. 

Example 1 1 . The ability of monoxenic Phasmorhabditis nematodes to control plant damage caused by the field 
slug Deroceras reticulatum under field conditions 

45 A field trial was canried out to compare slug damage to winter wheat (cv Merda) in untreated plots, plots treated 
with methiocarb pellets and plots treated with a range of nematode doses. Monoxenic nematodes were produced in 
association with M, phenylpyruvica strain 48 as described in Example 5 and formulated in day. as described in Example 
7. as a water-dispersable powder containing 0.36 x 10® nematodes per gram (wet weight). Nematodes were applied 
immediately after seed sowing as an aqueous spray in a volume equivalent to 1,100 litres/hectare. Methiocarb pellets 

50 were applied by hand at the recommended field rate (5.5 kg/hectare). 

Surface traps and soil samples were used to monitor the slug population in the field trial plots. Many different spe> 
des of slugs, induding Deroceras reticulatum, Arion silvatk:us, Arion subAiscus, Arion ater, Tandonia soweriyyi and 
Milax gagates were found in the plots, but D, reticulatum was by far the predominant spedes. 

Six weeks after sowing, plots were assessed for wheat seedir^ emergence, which is an estimate of lethal slug 

55 damage (i.e. a reduction In plant stand), and estimates were made of sub-lethal slug damage (i.e. plant grazing by 
slugs) by visual ass^ment of randomly selected plants. The mean numbers of emerged wheat plants per 0.5 m length 
of drill row for the different treatments are shown in Table 5. 
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Tables 



Mean numbers of emerged wheat plants per 
0.5 m length of drill row for the vari us treat- 
ments In the field trial (assessments made 6 
weeks after sowing) 


Dreatment 


Mean Num- 
bers of 
Emerged 
Plants 


Untreated 


12.93 


Nematode dose 1 x 10® per ha 


12.78 


Nematode dose 3 x 10® per ha 


13.95 


Nematode dose 1x10^ per ha 


13.25 


Nematode dose 3x10^ per ha 


14.88 


Nematode dose 1 x 10^^ per ha 


16.50 


Methiocart) 


14.57 


S.E.D. = 1.314, (399 d.f.) 



25 

There is a clear increase in the numbers of emerged plants with increased nematode dose, hence the nematode 
treatments caused a reduction in lethal slug damage. 

The data on mean percentage of leaf area damaged by slugs were transfbnned to angles prior to analysis. The 
30 results are shown in Table 6. . 



Table 6 



35 


Mean angular percentage leaf area damaged 
by slugs per plant fOr the various treatments in 
the field trial (assessments were made 6 
weelcs after sowing) 


40 


Tireatment 


Mean Angular 
Percentage 
Leaf Area 

Damaged Per 
Plant 




Untreated 


31.82 


45 ^ 


Nematode dose 1 x 10® per ha 


29.15 




Nematode dose 3 x 10® per ha 


28.87 




Nematode dose 1 x 10^ per ha 


22.11 


50 


Nematode dose 3 x 10^ per ha 


18.63 




Nematode dose 1 x 10^^ per ha 


16.49 




Methiocarb 


25.17 


55 


S-E.D. =3.395. (24d.f.) 



There were significant differences in the area of leaf damaged by slugs between treatments (P <0.001) with plants 
treated with the highest three nematode doses having significantly (E <0.01) less slug damage than plants from the 
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untreated plots. Plants from plots treated with the highest dose of nematodes had significantly (P <0.05) less slug dam- 
age than plants from the methiocarfo-treated plots. Thus the nematodes are able to give good control of sub-lethal slug 
damage. 

5 Example 12. The ability of monoxenic Phasmarhabditis nematodes to kill the aquatic snail Lymnaea stagnalis 

Monoxenic nematodes were produced in association with M. phenylpyruvica strain 48 as described in Example 5 
and formulated in clay, as described in Example 7, as a water-dtspersable powder containing approximately 0.36 x 10^ 
nematodes per gram (wet weight). Ten individuals of the aquatic snail Lymnaea stagnalis were added to each of five 
10 clean fish tanks which were hatf-f illed with pond water containing some aquatic plants which served as a food source 
for the snails. The tanks were aerated using a small air pump and maintained at IS^'C. 

To each of the four tanks approximately 6x10^ nematodes were added in the form of the water-dispersabie powder 
formulation. No nematodes were added to the fifth tank which served as a control. After three days incubation, average 
snail mortality in the nematode-treated tanks was 45%, rising to 100% after six d£^ There was no mortality in the 
15 untreated control tank after six days incubation. 

Claims 

1. The use of Phasmarhabditis nematodes for the control of agricultural, horticultural or human and animal health 
20 pests. 

2. The use according to claim 1. in whtoh the nematodes are P neopapillosa or P hermaphrodita. 

3. The use according to claim 1 or 2. in association with a suitable growth-promoting bacterium or in assodation with 
^ a conrununrty of suitable growth-promoting bacteria. 

4. The use according to any of claims 1 to 3. for the control of mollusc pests of agriculture and hort'culture, preferably 
for the control of slug pests of the family Limacidae, especially Deroceras reticulatum and Deroceras caruanae; for 
the control of slug pests of the family Arionidae, especially Arion ater, Arion intermedius and Arion distinctus: for 

30 the control of slug pests of the family Miladdae, especially Tandonia sowertyi; or for control of snail pests of the 
family Helicidae. especially Monacha cantiana. 

5. The use according to any of claims 1 to 3, for the control of mollusc pests of human and animal health, preferably 
for the control of snail pests of the geruis Lymnaea, 

35 

6. The use according to any of the preceding claims, in which the nematodes are applied as dauer larvae. 

7. The use according to any of the preceding claims, in whk;h the nematodes are applied in conjunction with bacteria 
which promote growth of the nematodes. 

40 

8. A strain of Moraxella phenylpynjvk:a 48, a sample of which has been deposited under the accesston number 
NCIMB 40508, or a variant, derivative or mutant thereof having the ability to promote growth, and induce patho- 
genicity towards molluscs, of Phasmarhabditis nematodes. 

45. 9. A strain of Pseudomonas fluorescens 141, a sample of which has been deposited under the accession number 
NCIMB 40509. or a variant, derivative or mutant thereof having the ability to promote growth, and induce patho- 
genicity towaids molluscs, of Phasmarhabditis nematodes. 

10. A composition for the control of mollusc pests in agriculture, horticulture and human and animal health comprising 
50 a nematode species of the genus Phasmarhabditis in association with a suitatile growth-promoting bacterium, or a 

conununity of suitable growth-promoting bacteria, and a suitable carrier or encapsulation agent. 

11 . A composition according to daim 10, in which the nematode is present as dauer larvae. 

55 12. A composition according to daim 10, in which the species is P. neopapillosa or P hermaphrodita. 
1 3. A composition according to daim 10. in which the growth-promoting bacterium is selected from: 
PseudonK)nas fluorescens 
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Providencia rettgeri 
Serratia proteomaculans 
Aeromonas salmonicida 
Moraxella phenylpyruvica 
s Bacillus cereus 

Flavobacterium odoratum 
Flavobacterium brevi 

and is preferably Moraxella phenylp/ruvk^ strain NCIMB 40508 or Pseudomonas fluorescens strain NCIMB 
10 40509. 

14. A oomposition according to daim 10, in which the carrier is a day. 

15. A water-dispersable powder composition according to any of claims 10 to 14. comprising clacium montmorilionite 
15 clay, water and nematodes, in which the nematode concentration is from 0.1 to 10^ to 2.0 x 10^ per gram (wet 

weight), preferably from 0.3 x 10^ to 0.8 x 10^ per gram (wet weight). 

16. A method of produdng nematodes for the control of nwlluscs which comprises culturing Phasmarhabd'^is nema- 
todes in a liquid medium, preinoculating the growth medium with at least one growth-promoting and pathogenidty- 

20 inducing bacterium, and recovering dauer larvae. 

17. A method according to daim 16, in which the sprowth-promoting bacterium is selected from: 

Pseudomonas fluorescens 
25 Providencia rettgeri 

Serratia proteomaculans 

Aeromonas salmonicida 

Moraxella phenylpyruvica 

Bacillus cereus 
30 Flavobacterium odoratum 

Flavobacterium brevi 

and is preferably either Moraxella phenylpyruvica or Pseudomonas fluorescens. 

35 18. A method according to daim 16 or 1 7, in which the growth medium contains a source of vitamins and minerals, a 
source of triglycerides and a source of protein, and preferably contains kidney, yeast extract and com oil. 

19. A method of controlling molluscs which comprises applying to an area subject to infestation therewith moUusciddal 
nematodes of the genus Phasmarhabditis in association with growth-supporting bacteria. 

40 

PatentansprOche 

1. Venvendung von PhasmarhsMitis-Uema^toden zur Bekdmpfung von Schfidlingen in der Landwirtschaft, im Gar- 
tenbau oder von Schddlingen fOr de menschliche und fierische Qesundheit 

45 

2. Venvendung gemdB Anspruch 1 , wobei es sich bei den Nematoden urn P neopaplltosa Oder P hermaphrodita han- 
delt. 

3. Venvendung gemdB Anspaich 1 Oder 2 in Verbindung mrt einem geeigneten wachstumsfOrdemden Bakterium Oder 
50 in Verbindung mit einer Gemeinschaft geeigneter wachstumsfOrdernder Bakterien. 

4. Verwendung gemaB einem der AnsprQche 1 bis 3 zur Bekampfung schddlicher Mdlusken in der Landwirtschaft 
und im Gartenbau. vorzugsweise zur Bekampfung schadltcher Nacktschnecken der Fanulie Limaddae, Insbeson- 
dere Deroceras reticulatum und Deroceras caruanae, zur Bekampfung schSdlicher Nacktschnecken der Familie 

55 Arionidae, insbesondere Arion ater, Arion intermedius und Arion distinctus, zur Bekdnpfung schddlicher Nackt- 
schnecken der F^lie MilackJae. insbesondere Tandonia sowerbyi, oder zur Bekampfung schddlicher Gehduse- 
schnecken der Familie Heliddae, insbesondere Monacha cantiana. 
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5. Verwendung gemdB einem der AnsprOche 1 bis 3 zur Bekdmpfung von Moilusken. die schddlich for die menschli- 
che und tierische Gesundheit sind, vorzugmeise zur Bekdmpfung schadlicher Gehauseschnecken d r Gattung 

Lymnaea. 

5 6. Verwendung gemdB einem der vorangehenden AnsprOche, wobei die Nematoden als Daueriarven angewendet 
warden. 

7. VenA^endung gemdB einem der vorangehenden AnsprOche. wobei die Nematoden in Verbindung mit Bakteriea die 
das Wachstum der Nematoden fOrdern. angewendet werden. 

TO 

8. Stamm von Moraxella pbenylfyyruvicsL 48, von dem eine Probe unter der Zugrtffsnummer NCIMB 40508 hinterlegt 
wurde. Oder eine Variante, abgeieitete Form oder Mutante davon mit der Fdhigkeit, das Wachstum von 
Phasmarhabditis-HemaXcxien zu fOrdern und deren Pathogenitai gegenuber Moilusken zu induzieren. 

IS 9. Stamm von Pseudomonas fluorescens 141 , von dem eine Probe unter der Zugriffsnummer NCIMB 40509 hinter- 
legt wurde, Oder eine Variante, abgeieitete Form oder Mutante davon mit der Fahigkeit, das Wachstum von 
PhasmarhabditiS'HewaXodien zu fOrdern und deren Pathogenitai gegenOber Moilusken zu Incbizieren. 

10. Zusammensetzung zur Bekampfung schddlicher Moilusken in der Landwirtschaft. im Gartenbau und von Mollus- 
20 ken, die schadlich fur die menschliche und tierische Gesundheit sind, umfassend eine Nematoden-Spezies der 
Gattung Phasmarhabditis in Verbindung mit einem geeigneten wachstumsfOrdernden Bakterium oder einer 
Gemeinschaft geeigneter wachstumsfOrdernder Bakterien sowie einen ge^gneten Trager oder ein geeignetes Ein- 
kapselungsmittel. 

25 11. Zusammensetzung gemd6 Anspruch 1 0, wobei die Nematode In Form von Daueriarven voriiegt. 

12. Zusammensetzung gemdB Anspruch 10, wobei es sich be! der Spezies um R neopapiliosa, Oder R hermaphrodita 
handelt 

30 1 3. Zusammensetzung gemdB Anspruch 1 0, wobei das wachstumsfOrdernde Bakterium aus 

Pseudomonas fluorescens, 
Providencia rettgen\ 
Sen^atia proteomaculans, 
Aeromonas salmonicida, 
Moraxella phenylpyruvica. 
Bacillus cereus, 
Flavobacterium odoratum, 
Flavobacterium brevi . 

ausgewahit ist und es sich vorzugsweise um den Moraxellapheny^ruvica-Slanvn NCIMB 40508 Oder den 
Pseudomonasfluorescens-Siamm NCIMB 40509 handelt. 

14. Zusammensetzung gemaB Anspruch 10, wobei der Trager ein Ton ist 

45 

15. Wasserdi8pergiert)are Pulverzusammensetzung gerndB einem der AnsprOche 10 bis 14, umfassend Calcium- 
Montmorillonit'Ton. Wasser und Nematoden, wobei die Nematodenkonzentration 0,1 x 10^ bis 2.0 x 10® pro 
Gramm (NaBgewicht), vorzugsweise 0,3 x 10^ bis 0,8 x 10^ pro Gramm (NaBgewicht), betragt 

so 16. Verfahren zur Gewinnung von Nematoden zur Bekampfung von Moilusken, unrfassend das Kultivieren von 
PhasmarhabditlS'fi&maUxien in einem flQsstgen Medium, das Vbrinrpfen des Wachstumsmediums mit wenigstens 
einem wachstumsfOrdernden und pathogenitatsinduzierenden Bakterium sowie das Gewinnen von Daueriarven. 

17. Veriahren gemaB Anspruch 16, wobei das wachstumsfOrdernde Bakterium aus 

55 

Pseudomonas fluorescens, 
Providencia rettgeri, 
Serratia proteomaculans, 
Aeroinonas salmonicida. 



35 
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Moraxella phenytpyruvica. 
Bacillus ceretfs. 
Flavobacterium odoratum, 
Flavobacterium brevi 

5 

ausgewdhit ist und es sich vorzugsweise entweder urn Moraxella phenylpyruvica Oder urn Pseudomonas 
fluorescens handett. 

18. Verfahren gemdB Anspruch 16 Oder 17, wobei das Wachstumsmedium eine Qu^le fOr Vhamine und Mineratstoffe, 
10 eine Quelle fur Triglyceride und eine Quelle fOr Protein enthdlt und vorzugsweise Niere. Hefeextrakt und Mais- 

keimOl enthdit. 

19. Verfahren zur BekSnipfung von Mollusken. umfessend das Aufftragen von molluskidden Nematoden der Qattung 
Phasmarhabditis in Verbindung mK wachstumsfOrdernden Bakterien auf eine FIdche, die von den Mollusken befal- 
ls len ist. 

Revendications 

1 . Utilisation de nematodes Phasmarhabditis pour la lutte contre des nuisibles agricoles, horticoles ou des nuisibles 
20 pour la 5ant6 humaine et animate. 

2. Utilisation suivant la revendication 1 , caract6ris6e en ce que les nematodes sont R neopapillosa ou P. hermaphro- 

dita. 

25 3. utilisation suivant la revendication 1 ou 2. en association avec une bact^rie favorlsant la croissance convenable. 
ou en association avec une communaut6 de bact^ries favorisant la croissance convenables. 

4. Utilisation suivant Tune quelconque des revendk^atbns 1 k 3, pour la lutte contre des nuisibles du type mollusque 
dans i'agrlculture et t'horticulture, de pr6f 6rence, pour la lutte contre les nuisibles du type limace de la famille des 
30 limacid^s, en particulier Deroceras reticulatum et Deroceras caruanae; pour la lutte contre les nuisibles du type 
fimace de la femille des arionid^, en particulier Arion ater, Arion intermedius et Arion distinctus; pour la lutte contre 
les nuisibles du type limace de la famille des miladd^, en particulier Tandonia sowert>yi; ou pour la lutte contre les 
nuisibles du type escargot de la faille des h^lidd^s. plus particuli^rement Monacha cantiana. 

35 5. Utilisation suivant Tune quelconque des revendications 1 k 3, pour la lutte contre les nuisit)les du type mollusque 
pour la sant6 humaine et animate, de pr§f6rence, pour la lutte contre les ni^sibles du type escargot du genre lim- 
n^e. 

6. Utilisation suivant I'une quelconque des revendications pr6c6dentes, caFact6ris6e en ce que Ton applique les 
40 nematodes sous la forme de larves r^stantes. 

7. Utilisation suivant Tune quelconque des revendications pr6c6dente8, caract6ris6e en ce que Ton applique les 
nematodes en combinaison avec des bact^ries qui favorisent la croissance des nematodes. 

45 8. Souche de Moraxella phenylpyruvica 48. dont un ^chantllon a 6t6 d^pos^ sous le num^ro tfacc^ NCIMB 40508, 
ou une variante, un d6riv6. ou une mutante de cette souche. ayant Taptitude de favoriser la croissance, et d'induire 
une pathog6n6cit6 vis-^-vis de nfK)llusques. de nematodes Phasmarhabditis. 

9. Souche de Pseudonrtonas fluorescens 141. dont un ^hantillon a 6t6 d6pos6 sous le num§ro d'accds NCIMB 
50 40509, ou une variante, un d6riv6, ou une mutante de cette souche, ayant Taptitude de favoriser la aoissance, et 

dinduire une pathog6n6cit6 vis-^-vis de mollusques, de nematodes Phasmarhabditis. 

1 0. Composition pour la lutte contre les nuisibles du type mollusque dans Tagriculture. rhortk:utture et la sant6 humaine 
et animale, qui comprend une esp^e de nematode du genre Phasmartiabditis en association avec une bacteria 

55 favorisant la croissance convenable. ou une communaut^ de bact^es favorisant la croissance convenat)les, et un 
agent d'encapsulation ou un support appropri§. 

1 1 . Connposition suivant la revendk^tion 10, caract6ris6e en ce que le nematode est present sous la forme de larves 
resistant s. 
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12. Composition suivant ta revendication 10, caract6rls6e en ce que Tesptee est R neopapiilosa ou P; hennaphrodita. 

13. Ck)mposition suivant la revendication 10, caract6ris6e en ce que la bacteria favortsant la croissance est choisi 
parmi les suivant s : 

5 

Pseudomonas f luorescens 
Providencia rettgeri 
Serratia proteomaculans 
Aeromonas salmonlclda 
TO Moraxella phenylpyruvica 

Bacillus cereus 
Ravobacterium odoratum 
Flavobacterium brevi 

75 et est. de pr6f6rence. la souche Moraxella phenylpyruvica NCtMB 40508 ou la souche Pseudomonas f luorescens 
NCIMB 40509. 

14. Composition suivant la revendication 10, caract^is^e en ce que le support est une argite. 

20 15. Composition de poudre dispersible dans I'eau, selon Tune quelconque des revendications 10^14, comprenant de 
rargile k base de montmorillonlte calcique. de Teau et des nematodes, caract^iste en ce que la concentration en 
nematodes varie de 0,1 k 10® k 2,0 x 10^ par gramme (poids humide), de pr6f6rence de 0,3 x 10^ k 0,8 x 10^ par 
gramme (poids humide). 

25 16. Proc^6 de production de nematodes pour ia lutte centre des nfK>llusques, caract^ris^ en ce que Ton cuttive des 
nematodes Phasmartiabditis dans un milieu liquide, on pr6inocule le milieu de croissance k Talde d'eUi moins une 
bacteria ^orlsant la croissance et indulsant une pathog6n6cit6 et on r6cup§re les larves r^stantes. 

1 7. Proc6d6 suivant la revendication 1 6, caract6ris6 en ce que Ton choisit ta bact^rie fen^orisant la croissance parmi les 
30 suivantes : 

Pseudomonas f luorescens 
Providencia rettgeri 
Senatia proteomaculans 
35 Aeromonas satmonicida 

Moraxella phenylpyruvica 
Bacillus cereus 
Flavobacterium odoratum 
Ravobactenum brevi 

40 

et cette bact^rie est, de pr^f^ence, Moraxella phenylpyruvica ou Pseudomonas f luorescens. 

18. Proc6d4 suivant la revendication 16 ou 17, caract6ris6 en ce que le milieu de croissance contient une source de 
vitamines et de substances min^raies, une source de triglycerides et une source de prot6ine, et contient, de pr^ 

45 f^ence, des reins, de Textrait de levure et de ITiuile de maTs. 

19. Proc^e de lutte centre les mdlusques, caract4ris6 en ce que Ton applique k une surface sujette k Infestation par 
ces mollusques, des nematodes mollusquicides du genre Phasmarhabditis en association avecdes bact^ries favo- 
risant la croissance. 

50 



55 
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Figure 1- Use of Phasmorhabditis nematodes to control plant 
damage caused by field slugs 
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Lm.cl.1 for comparing totel slug mimbori (Pb0.05 22 d«f.) 
Lt.cL2 for eomptrtng D. rotlculitum numbors (Pb0.05 22 cLf.) 



Figure 2* Effects of Phasmorhabditis nematodes on numbers 
of all species of slugs and on numbers of 
Deroceras reticulatum in mini-plot field experiments 
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Figure 3 . Bioassay of monoxenic Phasmorhabditis nematodes 
associated with M. phenylpynivica or P> rettgerx 
against D> reticulatum 
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Description 

This invention relates to the control of agricultural and horticultural pests and nmre particularly to the control of mol- 
luscs, Including slugs. e.g. Deroceras reticulatum and snails. e.g. Monacha cantiana. For convenience, the invention 

5 will be described mainly In relation to slug control but it is to be understood that it Is also applicable to the control of other 
molluscs that are harmful to plants In the field or greenhouse, or which carry parasites harmful to humans or animals. 

Slugs are a widespread pest of several major agricultural crops, particularly winter wheat, oilseed rape and pota- 
toes in the UK, other European countries, north and central America and Australasia. They are also a problem in horti- 
culture and to the domestic gardener. The most economically important slug species is the grey field slug, Deroceras 

10 reticulatum (family: Limaddae), although ottier limacid slugs and Arion (family: Arionidae), Tandoriia, Milax (family: 
Milacidae) and Boettgehlla species also can cause significant damage. Snails also can be a pest problem in horticul- 
ture and agriculture, one example being Monacha cantiana (family: Heliddae). Examples of mollusc pests are listed by 
Godan in Test Slugs and Snails'* (1983. Springer-Verlag, Berlin). Molluscs may also carry pests which represent a haz- 
ard to human or animal health. Examples Include Lymnaea species (family: Lymnaeidae). virtilch carry the liver fluke 

15 Fasciola hepatica, and Bufinus species (family: Bulintdae) which carry Opisthorcis sinensis. The families Limacidae, 
Arionidae, Miladdae and Heliddae are members of tiie Order Stylommatophora. The families Bulinidae and Lymnaei- 
dae are members of the Order Basommatophora. 

Cun'ent mettiods of control are only partially effective and tiie available chemicals are highly toxic to birds and 
mammals. Hence there is a clear need for more effective, more persistent and less toxic methods of mollusc control. 

20 it has now been discovered that nematodes of tiie genus Phasmarhabditis are effective control agents for a wide 
range of mollusc spedes. Particularly effective Phasmarhabditis spedes are the related organisms R neqpapillosa and 
P. hermaphrodita which will be described further hereinafter. These spedes have been known for many years and are 
d scribed in tiie literature, having been characterised especially by Andrassy in "A Taxononrvc Review of ttie Sub-Order 
Rhabditina (Nematoda: Secernentina)" (1983, Orstom, Paris). However, tiie biological activity of tiiese organisms 

25 against slugs and other mollusc pests has not hittierto been recognised. 

The present invention therefore comprises the use of Phasmarhabditis species for the control of agrkxdturai and 
horticultural pests or human and animal health pests, especially molluscs. The organisms can be obtained from slugs 
in tiie field and cultured by methods described hereinafter to produce amounts suffident for formulation into suitable 
conpositions for application In the field or greenhouse. Typical compositions for practical use utilise acceptable carrier 

30 materials such as peat days, and other solids or semi-solid carriers such as gel materials. Outdoor microplot and field 
trials have shown tiiat the nematode can both kill slugs and protect Chinese cabbage seedlings and wheat seeds or 
seedlings from slug danrtage at least as well as, or better tiian, methk)carb, tiie best chemical currently available. 

Biology of the organism 

35 

The nematode was isolated from slugs collected at Lx>ng Ashton Research Station in Great Britain. The nematode 
was found to be associated witii a fatal disease in slugs with characteristic symptoms, most noticeably a swelling of tiie 
slug's mantie. The nematode was identified as belonging to the Sub-Order Rhabditina and further identified using a key 
(Andrassy, 1 983). The main taxonomic characteristics of this group are the mouthparts and the male reproductive struc- 

40 tures. The nematodes isolated at Long Ashton had a distinctive, short stoma with an isomorphic metastom. and males, 
when present, had peloderan bursas, fitting tiie genus Phasmarhabditis. Andrassy (1983) fists two species which are 
morphologically identical to these nematodes but are separated from each otiier on the basis of tiie number of males 
present in the populations. In Phasmarhabditis neopapillosa males and females are equally abundant, whereas in R 
hermaphrodita males are extremely rare. It is not yet known whether R hermaphrodita Is a separate species or just a 

45 biological variant of R neopapillosa (Andrassy 1983). R hermaphodita was first described by Matpas, in Archives de 
Zoologie (1900). Vol 8 pp 464-624, who named the nematode Rhabditis caussaneii. He found resistant larval forms in 
the intestine of Arion ater which he collected in Normandy. He maintained cultures of the nematode on rotten f iesh for 
two years. He found that the adult worms were predonrunantiy protandrous autogamous hermaphrodites. Males were 
present In very small numbers (1 male for 1300 females) and ttie number of males in cultures was not affected by nutri- 

50 tional conditions. Maupas never witnessed males mating witii the females, which showed no change in their fecundity, 
or the sex ratio of tiieir offspring in the presence of males. Maupas (fid not consider this nematode to be a parasite of 
slugs. 

Phasmarhabditis neopapillosa was descrik>ed by Mengert. who named tiie nematode Rhabditis neopapillosa, in 
Zeitschrift fur Morphologic und Okologie Ttere (1953), vol 41, pp 311-349 in his studies on the relationships t>etween 
55 nematodes and tenestrlal nnolluscs. H found the nematode as resistant larval stages Cdauer larvae*) in tiie hind gut of 
the slug Umax cinereoniger. Mengert considered R neopapillosa to be a saprophyte which thrives on decaying mate- 
rial for many generations, but when conditions become unfavourable the juveniles fail to mature and form resistant non- 
feeding dauer larvaa He considered the lifestyle of R neopapiltosa to be kJentical to two other spedes. Phasmarhab- 
dnis papulosa and R hermaphrodita. He considered that the dauer larvae of tiiese three spedes wander, when tiie 
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opportunity arises, into the body of slugs where they rentain as dauer larvae until the slug dies, after which they develop 
and reproduce, feeding on the corps . Mengert thought that the stay in the slug was not a necessary part of th nem- 
atodelif cycle but he considered that the dauer larvae of these species did show a degree of adaptati ntolif within 
slugs. Howev r. he stated that they are not parasites of slugs. 

5 Nennatodes can be isolated from slugs collected from the field using bran baited traps left In an area of rough grass- 
land. Once collected the nematode can be isolated from the slug's gut or mantle cavity following dissection. Many spe- 
cies of nematodes are associated with slugs (Mengert. 1953) and it is necessary to confirm the identification of R 
hermaphrodita and R neopapilfosa using a taxonomic key (Andrassay. 1 983). If only infective stage nematodes (dauer 
larvae) are found In the slug it is necessary to culture the nematodes in order to identify them. 

10 Phasmarhabditis nematodes have been isolated at Long Ashton on a number of occasions. In some cases the 
population of nematodes consisted of males and females, whereas in other cases the populations consisted of her- 
maphrodites only Nematodes from boih types of population were examined using light microscopy and scanning elec- 
tron microscopy Protein profiles from ttie different populations also were examined following separation of proteins by 
so-electric focusing. No differences between populations were found using any of tiie above methods. The isolated 

15 nematodes correspond to tiie available descriptions of k)otii R neopapHlosa and R hermaphrodita. 

Phasmarhabditis nematodes can be produced by methods to be described in this specification. It is already known 
in tiie art that insect parasitic nematodes can be produced on a large scale for commercial use by liquid culture, using 
stirred tank or airlift fermenters, or by solid culture in bags or trays of foam chips. Similar techniques can be used for 
large scale production of R hermaphrodita or R neopapilfosa. Thus the nematode used in accordance with this Inven- 

20 tion is readily cultured on kidney-based medium in foam chips or in liquid cutture. using similar techniques to those used 
for production of insect parasitic nematodes. For tiie purposes of the present invention it is recommended that the cul- 
ture of nematodes Is harvested at tiie dauer larvae stage. 

Requirement for assodated bacteria 

Phasmarhalxiitis nematodes are bacterial feeders. Many bacterial isolates have been found to be associated with 
Phasmarhabditis nematodes after Isolation from moribund slugs. We have investigated the relationship between the 
nematode and these associated bacteria in order to determine which bacteria can support good nematode growth and 
to compare the patiiogenidty of nematodes reared on different species of bacteria. 

30 In order consistentiy to produce high yiekis of Phasmarhabditis nematodes which are pathogenk; to molluscs it is 
preferable to grow them in cultures with one krwwn associated bacterium (monoxenic cultures) and so a method of 
selecting individual species of bacteria capable of supporting nematode growth is needed. Bacteria capable of support- 
ing nematode growth can be Isolated from within nematodes, from nennatode cultures growing on a nrtixed microbial 
population, from slugs infected with bacteria and from slug corpses infested witii the nematodes. Nematodes can ttien 

35 be freed from all contaminating bacteria, and introduced into cultures with the different individual species of bacteria. 
Incubation of these cultures allows the selection of bacterial isolates capable of supporting nematode growth. 

Approximately 100 bacterial isolates have been obtained from the nematodes: from slugs Infected with nematodes 
and from dead slugs infested with nematodes, 15 of which have been tested for tiielr ability to support nematode 
growtti. Of these. 9 isolates, representing 8 species, were found to support good nematode growtii on agar. The 8 spe- 

40 cies of bacteria, which were found to support good nematode growth are as follows: 

Pseudomonas fluorescer^s 
Providencia rettgeri 
Serratia proteomaculans 
45 Aeromonas salmonicida 
Moraxelta phenylpyruvk^a 
Bacillus cereus 
Flavobacterium odoratum 
Flavobacterium brevi 

so 

The ability of nematodes reared on different species of bacteria to kill slugs can be tested in a bioassay. In such a 
bioassay slugs are exposed to different numbers of nematodes and the resulting slug mortality Is recorded. Using this 
method, quantitative measures of pathogenicity (e.g. LO50) of nematodes against slug^ can be obtained and used to 
compare the pathogenicity of nematodes reared on different species of bacteria. It is important that tiie nematode is 
55 supplied in association with specific t)acteria t>ecause k>acteria are essential not only for growth of the nematode (both 
in vitro and in vivo) but also for their ability to kill slugs. The nematode carries associated laacteria on entry into th slug 
thus allowing rapid establishmertt and nuittiplication of tiie nematode teacfing to the death of the slug. 

Exanples of suitable bact rial strains are Moraxelia phenylpymvica strain 48 and Pseudomonas ftuorescens strain 
141 . samples of which have been deposited under the Budapest Treaty with the National Collection of Industrial and 
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Marine Bacteria* under Accession Numbers NCIMB 40508 and NCIMB 40509 respectively, on 9 June 1 992. The strain 
Pseudomonas fluorescens 141 is a gram negative oxidase positive, catalase positive bacterium which is non-motile 
and scores negative in the 0/F (l-iugh and Leifson) test for aerobic or anaerobic breakdown of glucose. The strain 
Moraxetia pheny^yruvica 48 is a gram negative, oxidase positive, catalase positive bacterium which is non-motile and 
scores negative in the 0/F (l-tugh and Leifson) test. Biochentical profiles of both strains on standard substrates (API 
ZONE test strip) is shown below. 
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Useful variants of M. phenylpyrvvica strain 48 and R fluorescens strain 141 may be obtained by repeated sub-cul- 
turing of pure cultures of these strains. Variants may also be obtained either by re-isolating bacteria from 
Phasmarhabditis nematodes previously grown in association with either of the strains or by re-isolating bacteria from 
slugs infected with nematodes. Such variants may have incunred genotypic or phenotypic changes as a result of envi- 
ronmental influences or selective pressure. Useful derivatives of M. phenylpyrvvica strain 48 and P. fluorescens strain 
141 may be constructed by the introduction of DNA coding for desiral3le attritujtes from oth& organisms. Methods for 
introduction of foreign DNA into bacteria are well known to tiiose skilled in the art and include techniques such as plas- 
mid transfer, transduction and transfection. Useful nmjtants of M. phenylpymvica strain 48 and R fluorescens strain 141 

* Address: 23 St. Machar Drive. Aberdeen. AB2 1 RY, United Kingdom 
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may be obtained by mutagenesis using methods, well known to those sidlied in the art, such as chemical (eg nitro- 
soguanidine), physical (ultraviolet light) and genetic (transposon mutagenesis) techniques. Such variants, derivatives 
and mutants of the strains may be altered with respect to characteristics such as growth rate or the ability to grow on 
certain food sources txit will retain the essential characteristics relevant to this invention ie the ability to both support 

5 growth of Phasmarhabditis nematodes and to induce pathogenicity towards molluscs. 

For use in control of agricultural pests, nematodes are harvested from fermenters by centrifugation. filtration or set- 
tling under gravity. The nematodes are washed to remove spent medium conrponents and either formulated Immedi- 
ately or stored as cooled, aerated aqueous suspensions prior to subsequent fbmfiulation. Nematodes can be formulated 
for agricultural use as aqueous suspensions, on solid carriers such as charcoal, days. peat, vemriiculite or polyether- 

10 polyurethane sponge, or encapsulated in gets such as alginate or polyaaylamide. A particularly desirable formulation 
contains desiccated or partially<lesiccated nematodes. The formulated nematodes can be applied for control of pests 
by forming an aqueous suspension and applying this to the area to be treated by spray, irrigation or drench. 

Example 1. Method for Isolation of Phasmarhabditis nematodes 

IS 

Living nematodes extracted from slugs collected from the field using bran baited traps are placed on kidney-based 
agar medium nr\ade by mixing 10% homogenised pig kidney, 3.5% corn oil, 2% agar and 84.5% water (% by weight) 
which is then sterilised by autoclaving and poured Into petri dishes. The medium encourages the growth of the bacteria 
associated with the nematodes. The nematodes feed on these bacteria and grow and reproduce on the plates. 

20 

Example 2. Isolation of bacteria associated with nematodes or nematode-infected slugs 

Bacteria associated with nematodes or nen^tode-infected slugs can be isolated by any of the following methods: 

25 (i) Isolation of bacteria from within nematodes 

Nematodes are surface sterilised by immersion in 0.1% (w/v) sodium ethylmercurlthiosalicylate (Thimerosal) for 1 
hour then transfen'ed to fresh Thimerosal for a further three hours. Bacteria can be liberated from nematodes using 
sterile microbiological techniques in either of two virays: 

30 

a) Individual nematode larvae are transfenred to a drop of sterile saline on a flame sterilised microscope slide. The 
nematodes are then cut at several sites along the length of their fcxxiies. The drop of saline complete with nematode 
corpse is then transferred using a sterile pasteur pipette to a 9 cm petri dish of nutrient agar where it is spread over 
the surface using an alcohol-flamed glass spreader. 

35 

b) Many surface sterilised nematodes are suspended in 1 ml of sterile Ringer's solution which is transfenred to a 5 
ml teflon tissue homogeniser. The nematode suspension is ground and then transferred to 9 ml of sterile nutrient 
broth. The broth is shaken vigorously and serial dilutions are made. 0.1 mi aliquots of each dilution are placed onto 
plates of nutrient agar and spread using a glass spreader and incut>ated. After 48 hours incubation at 25°C, differ- 

40 ent bacterial isolates can be selected on the basis of cotonial morphology and subcuitured using standard micro- 
biological technkiues. 

Oi) Isolation of bacteria from xenic foam chip cultures 

45 Foam chips containing nematodes and l>acteria are taken from thriving xenic cultures using alcohol-flamed forceps. 
Each chip is put into a tube containing 10 ml sterile nutrient broth and agitated. Serial cBlutions of the resulting t>acte- 
rial/nematode suspension are made and 0.1 ml aliquots of different dilutions are spread on nutrient agar plates and 

incubated. 

50 (iii) Isolation of bacteria from live slugs infected with nematodes 

R hermaphroditaP. neopapiflosa infects and multiplies in the mantle region of slugs and it is from within tWs region 
that bacteria can be isolated. The mantle is first swabbed with dry cotton wool buds to renx>ve as much slime as possi- 
ble. The surface of the mantle then is swabbed with 70% (v/v) ethanol to surface-sterilise the mantle. Aflame-sterilised 
55 mounted needle is used to pierce the mantle then drops of fluid on the end of the needle are transferred directly to nutri- 
ent agar plates where they are spread using a glass spread r and incubated. 
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0v) Isolation of Bacteria from Dead Slugs 

Smears of tissue from slug corpses which have died following nematode infection and are covered in nematodes 
are suspended in nutrient broth using a bacteriological loop. Serial dilutions are made from this suspension and 0.1 ml 
5 aliquots spread onto nutri nt agar plates and incubated. 

Example 3. Method for selecting bacteria which support good nematode growth 

Before it is possible to screen different bacteria for the ability to support nematode growth it is first necessary to 

10 obtain nematodes free from bacteria. The female reproductive tract of nematodes is generally sterile (Poinar and 
Hansen. Helminthological Abstracts. Series B [1986] Vol 55 No 3 pp 61-81) and thus J1 juveniles immediately after 
hatching are sterile. Individual gravid adult nematodes selected from nematode cultures or slugs are transfenred to a 
sterile watch glass containing 0.02% (w/v) Thimerosal. where they are left overnight at 10*^0. During this time eggs 
hatch within the adults and the juveniles (J1) are released. The following day the juveniles are transferred by pipette to 

15 centrifuge tubes filled with 10 ml of quarter strength Ringer's solution containing 500 units/ml penicillin G and Strepto- 
mycin sulphate. The juveniles are kept in this solution for a further 24 hours at 1 0*^0. They are then concentrated by gen- 
tle centrifugation (50 x G for 10 minutes), collected from the bottom of the tube, resuspended in fresh sterile quarter 
strength Ringer's solution and spun down again. The resuspension and centrifugation is repeated once more to remove 
any traces of antibiotics. The larvae are then placed in a sterile watch glass. The nematodes can then be handled indi- 

20 vidually using micro-pipettes made by drawing out dropping pipettes in a bunsen flame to a width of approximately 0.1 
mm. Nematode cultures are grown on Iddney agar (as described in Example 1) in 3 cm petri dishes. One bacteriological 
loopf ui of 1 8 hour nutrient broth culture of the bacteria to be tested is streaked over one half of the 30 mm kidney plates. 
Ten axenic juvenile nematodes, obtained as desaibed in Example 8. are added at the edge of the petri dish in the half 
without bacteria, so tf\at nematodes have to move at least 15 mm across a bacterla-free suriace before reaching the 

25 test bacterium. The plates are incubated at IS^'C. Any bacteria present with the nematodes which have not been killed 
during the axenisation process form ynsitHe colonies on this half of the plate and the plates can be discarded. After one 
weeK plates showing bacterial contamination in the "clean" half are discarded. After two weeks the numbers of nema- 
todes present on plates can be counted by direct mkn-oscopic examination; the lid of the petri dish is removed and 
replaced with another lid previously marked with a counting grid. After three weeks nematodes can be counted again 

30 by flooding nematodes off the agar in a known volume of water and counting the numbers present in the resulting sus- 
pension using a Peters 1 ml counting chamber. 

Nine different species of bacteria collected using the methods described were screened for their ability to support 
nematode growtii. The results are shown In Table 1 . 

35 



40 



45 



50 



55 
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Table 1 



5 


Nuirt)ers of Phasmarhabditis nematodes per petri dish after two arxJ three 
weeks growth in monoxenic culture with different bacteria. Data were trans- 
formed to logarithms for statistical analysis. 




Bacterium 


Week 2 


Week 3 






Numbers 


Log 


Numbers 


Log 


10 


Axenic 


2 


0.41 


0 


0.00 




Bacterium 1A 


170 


2.18 


18090 


4.22 




Bacterium 17 


0 


0.04 


0 


0.00 


IS 


Bacterium 34 


1 


0.13 


890 


1.00 




Bacterium 48 


60 


1.70 


54060 


4.73 




Bacterium 54 


80 


1.53 


25950 


4.39 




Bacterium 77 


1160 


3.06 


86340 


4.93 


20 


Bacterium 83 


520 


2.46 


67000 


4.78 




Bacterium 141 


690 


2.77 


75220 


4.85 




Bacterium 156 


250 


2.26 


83630 


4.89 


25 


S.E.D. for comparing log. nematode numbers = 0.204, 128 D.F. 



After three weeks there were highly significant CE <0.001) differences in the ability of the bacteria to support nem- 
30 atode growth. 

Example 4. Method for mass cultivation of Phasmarhabditis nematodes by fbam chip culture 

The nematodes can be mass cultured on polyether polyurethane foam chips using techniques similar to these 

35 developed for mass rearing insect parasitic nematodes (Bedding, in Nematok>gica (1981). vol 27, pp 109-114 and 
Annals of Applied Biology (1984), vol 104, pp 117-120). The medium consists of 65% pigs kkiney, 15% beef dripping 
and 25% water (% by weight). The kidney Is chopped into small pieces, the water is added then the mixture Is liqukiized* 
in a Waring blender. The beef drilling is melted in a large pan over a gas ring then the kkiney homogenate is added 
and mixed thoroughly with the fat and cooked until brown. The mixture is then returned to the Waring t>lender and 

40 ground once again. This mixture is then mixed with foam chips, with 12 parts by weight of medium being added to 1 
part foam chips. This medium can be dispensed into oontoal f iaskSi or autoclave bags as described by Bedding (1 984). 
Foam chip cultures are inoculated with nematodes and bacteria simultaneously. Each bag is silt open at the top and 75 
ml of an overnight culture of bacteria is added. The bacterial culture can be in the form of a mixed miaobial populatk)n, 
obtained as described in Example 2. or as a pure culture of a bacterial strain selected for the ability to support good 

45 nematode growth as described in Exanple 3. Nematodes on agar from petri-dishes or on foam chips from previous bag 
cultures are added. Culture bags are incut)ated at 15''C for three weeks after which time many infective juveniles can 
be seen on the inside of the bags, having 1^ the spent medium. Nematodes are harvested from the foam chips lay a 
modified funnel extraction technk|ue, similar to that used for collecting nematodes from soil samples. 17.5 cm diameter 
copper soil si^es are lined with a 1 7.5 cm milk filter and placed in 50 cm flower-pot saucers. The foam chips from the 

50 bags are placed in the sieves to a depth of approximately 2 cm and the f tower-pot saucers are filled with water until the 
water level just reaches the bottom of the foam chip layer The sieves are then left overnight dising which time live nem- 
atodes swim through the nrulk filters and collect in the water betow. After cleaning the nematode suspensk>n of spent 
medium and bacteria by changing the water several times, the nematodes are stored in aerated water at lO^'C until they 
are required. 

55 

Example 5. Liquid culture of monoxenio Phasmarhalxiit^ nematodes 

Axenised nematodes were cultured on a solkl medium (kkiney based) with the appropriate bacteria. After 3 weel® 
the nematodes were transferred t Ik^uid culture. 
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The nematodes were grown in shake flask culture under the following conditions: 

Medium - 10% kidney. 1% yeast extract. 3.5% corn oil. 
Flask - 250 ml conical flasks with 50ml of medium. 
Temperature - 15**C. 
Shaker speed - 200 rpm. 

The flasks were inoculated with 1 ml of a bacterial spedes grown in nutrient broth. After 24 hours the nematodes 
were washed into the flasks with sterile tap water and incubated for three weeks. 

The nematodes were washed twice with sterile water and counted. The nematodes were then used as inoculum 
for culture experiments. Nematodes were added to culture flasks at the rate of 3000 nematodes/ml to flasks pre-inocu- 
lated with bacteria. 

The nematode was cultured with 4 Afferent bacteria. Nematode counts were canied out at different times during 
the culture period. Dauer lan/ae (also known as infective juveniles) were assessed as nematodes with a retained sec- 
ond stage cutide. 

Nematodes were counted after 20 days incubation and the results are expressed in Table 2. 



Table 2 



Liquid culture of monoxenic nematodes 


Bacterium 


IVIean no of nematodes per ml 




No of Repli- 


Dauer Larvae 


Other Stages 




cates 






R fluorescens 


6 


1220 


110 


S. proteomaculans 


6 


11500 


7400 


R rettgeri 


6 


99900 


189000 


M. phenylpyruvica 


3 


72000 


223000 



Mass production of the nematode by liquid culture in large scale fermentation vessels, based on the concfitions 
desaibed in this Example, can be achieved easily by those skilled in the art 

Example 6. Method for selecting bacteria which confer pathogenicity against slugs 

Nematodes grown in monoxenic culture with two spedes of bacteria. Providencia rettgeri and Moraxella 
phenylpyruvica, as descnised in Example 5, were tested for pathogenicity against the slug Deroceras reticulatum Plas- 
tic boxes (135 X 75 X 50 mm) were filled with 440 g air-dried soil aggregates. 12.5 - 25 mm in diameter, which had been 
otitained by sieving. The soil aggregates from each txsc were removed and soaked in 80 ml of water. 

Untreated boxes without added nematodes and boxes treated with five nematode doses (15000. 23000. 35000. 
55000 and 75000 nematodes per plastic box) were used. Two replicate boxes were used for all six treatments for both 
k>atches of monoxenic nematodes. 

The nematodes were counted and the appropriate number suspended in 50 ml of tap water. The aggregates were 
replaced in the box and the nematode suspension was distnlujted evenly over the suriace of the aggregates layer by 
layer. Ten D. reticulatum were placed between the middle layers of each box. 50 ml of tap water was distributed evenly 
over the aggregates in the boxes without added nematodes so that the final nraisture content in each box was approx- 
imately 30% (w/w). 

The slugs were kept in the soil for a five day infection period at 1 0*^0 after which they were removed and transferred 
to Petri dishes where they were tept indivkiually and fed discs of Chinese cabbage leaves. After a further nine days at 
1 0^'C (fourteen days after initial exposure to the nematodes), the nun4>ers of dead and living slugs were recorded. Mor- 
tality data were corrected for background mortality as seen in the untreated boxes. Corrected mortality data were 
ted against nematode dose for nematodes grown in monoxenic culture with both t>acteria. 

In this experiment nematodes grown with /Vf. phenylpyruvica and Pr. rettgeri were pathogenic to D. reticulatum. 
This method can be used to select other strains of bacteria. &g. R fluorescens strain 141. which confer pathogenicity 
against slugs. 
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Example 7. Fbrmulati n f Pbasmorhabditis nematodes 

Monoxenic PhasmarhabdHis nematodes, which had been grown in assodation with M phenylpyruvica strain 48 as 
described in Example 5. were harvested by centrifugation and washed in water by a repetitive process of settling and 
5 resuspension in fresh water until the nematodes were free of residual growth medium. The washed nematodes were 
concentrated by centrifugation to produce a nematode aqueous paste which contained in the range of 0. 1 x 10^ to 2.0 
X 10^ nematodes per ^am of paste. The nematode paste was mixed with a calcium montmorillonite day to produce a 
water-dispersable powder composition containing from 0.05 x 10^ to 1 .8 x 10^ nematodes per gram (wet weight). 

10 Example 8. The ability of Phasmorhabditis nematodes produced by foam chip culture to idii different species 
of slugs 

Phasmarhabditis nematodes which had been cultivated on a mixed bacterial flora using methods described in 
Example 4 were bioassayed against six pest spedes of slugs. These were Deroceras reticulatum, D. caruanae, Arion 

15 ater, A, intermedius, A. distinctus and Tandonia (Milax) sowerbyL The slugs were collected from bran baited traps at 
Long Ashton Research Station during November 1990. All slugs were adults except for A. ater which were juveniles 
(mean weight 770 mg). The nematodes were reared in xenic foam-chip bag cultures as described in Example 4. Air 
dried coarse soil aggregates of cRameter 12.5-25nvn which had been obtained by sieving were placed in plastic boxes 
(135 X 75 x 50 mm), with 440 g air-dried soil aggregates per box. Approximately 1.9 x 10^ infective larvae of 

20 Phasmarhabditis were added to each of the nematode-treated boxes suspended in 130 ml of tap water. 130 ml of tap 
water without nematodes was added to the untreated boxes. Ten slugs were placed in each box except for the larger 
slug spedes (I somrbyl and A, atei), for wNch five slugs were kept in each box. Seventeen A distinctus slugs were 
treated with nematodes and eighteen were kept as untreated controls. For ail other spedes twenty slugs were treated 
and a further twenty left as untreated controls. The slugs were left in the soil for a f ive-day infection period after which 

25 the soil boxes were dismantled and the number of dead siugs recorded. Surviving slugs were transferred to 9 cm petri 
dishes lined with moist filter paper where they were kept individually and fed leaf discs of Chinese cabbaga Soil boxes 
and petri dishes were kept at 1 0*C for the duration of each bioassay. Numbers of dead slugs were recorded twice more 
at three day intenmls. Mortalities of individual slug species in treated and untreated cells at any time were compared 
using a chi^ test. The results are shewn in Table 3. 

30 



Tables 



Percent mortality in different species of slugs 8, 11 and 14 days after treatment with nema- 
todes or being left untreated. 


Slug Species 


Days 


Days 


Dayll 




Treated 


Untreated 


Treated 


Untreated 


Treated 


Untreated 


Deroceras reticulatum 


100 


10 


100 


25 


100 


40 


Deroceras caruanae 


70 


10 


100 


15 


100 


20 


Arion ater 


5 


0 


40 


0 


100 


0 


Arm intermedius 


100 


40 


100 


60 


100 


70 


Arion distinctus 


6 


6 


88 


11 


100 


28 


Tandonia sowerbyi 


20 


15 


80 


15 


100 


25 



50 After the five day infection period the differences in mortality between nematode-treated and untreated slugs were 
highly significant (P<0.001) for D. reticulatum, D. caruanae, and A intermedius. Differences in nrrortalities between 
treated and untreated slugs for the other tfvee spedes were not significant at this stage. After eight days tiie differences 
in mortalities between treated and untreated slugs were significant for all spedes tested (P <0.001 for D. reticulatum, 
D. caruanae, T. sowerbyi and A distinctus, and P <0.01 for A. ater, and A intermedius). By day 11 all slugs treated 

55 with n matodes had died. The differences in mortalities between treated and untreated slugs were significant for all 
spedes (P <0.01 for A interrttedius and P <0.001 for all other spedes). The difference was not as great for A 
intermedius because many of the untreated slugs had died. 

It is dear from these results that Phasmarhabditis nematodes are capable of killing all the slug spedes tested. 
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Example 9. The ability of Phasmarhabditls nematodes produced by fbam chip cutture to control plant damag 
caused by the field slug Deroceras reticulatum under field conditions 

A mini-plot field experiment was carried out to corrpare slug damage to Chinese cabbage seedlings in untreated 
5 plots, plots treated with methiocarb pellets (generally considered to be the best available chemical for slug control) and 
plots treated with a single high dose of nematodes produced by foam chip culture with a mixed bacterial flora as 
desaibed in Example 3. The test was done in a series of 40 micro-plots containing a loam soil on a bed of coarse 
gravel. The plots were 70 x 70 x 30 cm deep and were separated by either wood or concrete barriers, sumwunted by 
a fence, 10 cm high, of 0.8 mm woven copper mesh to act as a barrier to slug movement between plots. 
10 Thirty-six of the plots were populated with slugs between March and June 1989. No slugs were added to the 
remaining 4 plots which were used as a measure of the resident slug population. Five fieldKX)llected adult D. 
reticulatum were added to each of the plots to be populated. These slugs had been kept in quarantine boxes for at least 
two weeks to ensure they were not carrying any parasites. Thirty-four laboratory reared neonate D. reticulatum were 
added to each plot throughout the three-month period so that at the start of the experiment slugs at many stages of 
15 development were present. 

The experimental desi£pn consisted of nine replicates of four randomized blocks, each block consisting of two 
untreated plots, one plot treated with nematodes and one plot treated with methiocait pellets. 

1 .05 X 10^ nematodes were suspended In 900 ml of tap water and drenched over each plot using a watering can 
fitted with a rose. A further 100 ml of tap water was used to rinse the can out and then poured onto the plots. One litre 
20 of tap water was also added to the untreated and methiocart>-treated plots. Methiocarb pellets were added at the rec- 
ommended field rate (5.5 kg/ha » 0.275 g/^ot). The pellets were weighed out and distributed evenly over the pk>t8 by 
hand. The plots were irrigated from an overhead pipe throughout the course of the experiment, to ensure that conditions 
were favourable for slug activity. 

At the start of the experiment, young Chinese cabl^age seedlings which had been grown In a glasshouse were 
25 planted out. nine seedlings in each plot arranged in a 3 x 3 square. These were examined twice weekly and the amount 
of slug damage to each seedling was estimated to the nearest 5 percent. 

Two weeks after planting, the seedlings in some of the untreated plots were completely destroyed, so remnants of 
the old seedlings were removed from all the plots and new ones planted. This was repeated after a further two weeks. 
After two more weeks the experiment was finished (six weeks in total). Seeding damage was recorded twice weekly 
30 throughout the course of the experiment. The copper mesh barriers between plots in one of the treatment blocks (Block 
9) became detached after the first four weeks allowing slug movement between plots, so these plots were ignored and 
the results shown for the fifth and sixth weeks represent only 8 blocks. 

At the end of the experiment two soil samples 25 x 25 x 10 cm deep were taken from each plot of the remaining 8 
blocks, one sample being taken from the middle and one from the South East corner of each plot The samples were 
35 gradually flooded over nine days in the LARS slug extraction unit (Glen & Wiltshire, in Proceedings 1986 British Crop 
Protection Conference (1986). voll. pp 139-144). and tiie slugs were removed from the surfece daily. 

The amount of slug damage to the seedlings in each treatment during the course of the experiment is shown in Rg. 

1. 

Analysis of variance following angular transformation to stabilise the variance shows that both methiocarb pellets 
40 and the nematode significantly (E <0.001) reduced tine amount of slug damage to seedlings. At the first reading (four 
days after treatment) there was significantly (P <0.05) more damage in the pk>ts treated with nematodes than in pk>ts 
treated with methiocarb, but as the seedlings outgrew tiie initial damage the difference betwe^ the nematode and 
methiocarb treated plots narrowed. By the end of the first week tiie nematode treated plots showed less damage than 
the metiiiocarb treated plots, but this difference was not significant. After 1 7 days (first examination of tiie second batch 
45 of seedlings) tiie nematode treated plots had significantiy less (E <0.05) damage tiian tiie metiiiocarb treated plots, and 
this persisted (P <0.01) until the end of the experiment. 

Three species of slugs were fourKj in the soil sanples. Deroceras reticulatum, Deroceras caruanae and Boett- 
gerillapallens. In all plots, only 2 D. caruanae were found, but 89 S. pallens were found compared witii 55 D. reticula- 
tum. The B. fyaflens were presumably introduced into the plots some time previously and had reproduced and colonised 
50 them throughout The preferred diet of this slug is not known but in laboratory tests it did not damage Chinese cabbage 
leaves during three weeks exposure without any alternative food source It is therefore unlikely tiiat this slug was caus- 
ing damage to the seedlings in this trial. No D. reticulatum were found in soil samples from the four plots to which none 
was added. This suggests that unlike B. palleris tiiere were few if any D, reticulatum in the plots before the start of ttie 
experiment 

55 Total slug numbers and biomass extracted from tiie different treatments were transformed to square roots for sta- 
tistical analysis. The results are shown in Fig 2. 

Significantiy fewer slugs were extracted from nematode-treated tiian from untreated plots (P <0.01 for all slug spe- 
cies and for D. reticulatum alone) and fewer were extracted from methiocart>-treated tiian from untreated plots (P <0.05 
for all slug species and for D. reticulatum alone). Altiiough fewer slugs were extracted from nematode-treated pk>ts than 
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from those treated with methlocarb, this difference was not significant. No D. reticulatum were extracted from the nem- 
atode-treated plots suggesting that this species had been almost eliminated from these plots. The numbers of B, . 
pallens were not significantly affected by nematodes or methiocarb although fewer B. patlens were found in nematode- 
treated plots than untreated plots. 

5 

Example 1 0. The ability off monoxenic Phasmarhabditfs nematodes to kill diffferent species of mollusc pests 

Monoxenic Phasmarhabditis nematodes, which had been grown in association with M, phenylpyruvica strain 48 as 
described In Example 5, were bioassayed against various mollusc pest species, including Monacha cantiana (the l^nt- 
10 ish snail), as described in Example 8. TTie results are shown in Table 4. 



Table 4 



IS 


Percent mortality in different species of pest mollusc after 
treatment with monoxenic nematodes or being left 
untreated 




Mollusc Species 


Duration 
of Bio- 


Treated 


Untreated 


20 




assay 
(days) 








Deroceras reticulatum 


11 


100 


15 




Deroceras caruanae 


11 


100 


10 


25 


Monacha cantiana 


5 


100 


0 




Arion intermedius 


5 


100 


0 




Arton distinctus 


11 


100 


0 


30 


Tandonia sowerbyi 


11 


70 


5 



The differences in mortalities between treated and untreated molluscs were significant for all species tested (P 
<0.001). indicating that all the species of mollusc pest tested were susceptible to Phasmarhabditis sp. monoxenised 
35 with M. pnenylpyruvica strain 48. The activity spectrum of monoxenic nematodes is unaltered in comparison to xenic 
nematodes. 

Monoxenic Phasmarhabditis nematodes were grown in association with M, pherrylpynmca or R rettgeri as 
descrflsed in Example 5, and bioassayed at various dose rates against the slug species D, reticulatum as described in 
Example 8. The results are summarised in Rgure 3. Both types of monQ)^ic nematode are active against D. 

40 reticulatum. 

Example 1 1 . The ability of monoxenic Phasmorhabditis nematodes to control plant damage caused by the field 
slug Deroceras reticulatum under field conditions 

45 A field trial was cam'ed out to conpare slug damage to winter wheat (cv Mercia) in untreated plots, plots treated 
with methiocari^ pellets and plots treated with a range of nematode doses. Monoxenic nematodes were produced in 
association with M. phenylpyruvica strain 48 as descrit)ed in Example 5 and formulated in day. as described in Example 
7. as a water-dispersable powder containing 0.36 x 10^ nematodes per gram (wet weight). Nematodes were applied 
Immediately after seed sowing as an «^ueous spray in a volume equivalent to 1,100 litres/hectare. Methiocarb pellets 

50 were applied by hand at the recommended field rate (5.5 kg/hectare). 

Surface traps and soil samples were used to nrK)nitor the slug population in the field trial plots. Many different spe- 
cies of slugs, including Deroceras reticulatum, Arion sih/aticus, Arion subfuscus, Arion ater, Tandonia sowerbyi and 
Milax gagates were found in the plots, but D. reticulatum was by far the predominant species. 

Six weeks after sowing, plots were assessed for wheat seeding emergence, which is an estimate of lethal slug 

55 damage (i e. a reduction in plant stand), and estimates were made of sukHettial slug damage (i.e. plant grazing by 
slugs) by visual assessment of randomly selected plants. The mean nunr^sers of emerged wheat plants per 0.5 m length 
of drill row for the different treatments are shown in Table 5. 
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Tables 



Mean numbers of emerged wheat plants per 
0.5 m length of drill row for the various treat- 
ments in the field trial (assessments made 6 
weeks after sowing) 


Treatment 


Mean Num- 
bers of 
Emerged 
Plants 


Untreated 


12.93 


Nematode dose 1x10^ per ha 


12.78 


Nematode dose 3x10° per ha 


13.95 


Nematode dose 1x10® per ha 


13.25 


Nematode dose 3x10® per ha 


14.88 


Nematode dose 1 x 10^^ per ha 


16.50 


Methiocarb 


14.57 


S.E.D.:» 1.314, (399 d.f.) 



25 

There is a clear increase in the numbers of emerged plants with increased nematode dose, hence the nematode 
treatments caused a reduction in lethal slug damage. 

The data on mean percentage of leaf area damaged by slugs were transformed to angles prior to analysis. The 
30 r suits are shown in Table 6. 



Table.6 



l\/lean angular percentage leaf area damaged 
tyy slugs per plant for the various treatmertts in 
the field trial (assessments were made 6 
weelcs after sowing) 


Treatment 


Mean Angular 
Percentage 
Leaf Area 

Damaged Per 
Plant 


Untreated 


31.82 


Nematode dose 1 x 10° per ha 


29.15 


Nematode dose 3 x 10° per ha 


28.87 


Nematode dose 1 x 10® per ha 


22.11 


Nematode dose 3 x 10® per ha 


18.83 


Nematode dose 1 x 10^^ per ha 


16.49 


Methiocarb 


25.17 


S.E.D.« 3.395. (24 d.f.) 



There were significant differ&ices In the area of leaf damaged by slugs between treatments (E <0.001) with plants 
treated with the highest three nematode doses having significantly (£ <0.01) less slug damage than plants from the 
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untreated plots. Plants from plots treated with the highest dose of nematodes had significantly (P <0.05) less slug dam- 
ag than plants from the methiocarfo-treated plots. Thus the nematodes are able to give good control of sub-lethal slug 
damag . 

5 Example 12. The ability of monoxenic Phasmarhabditis nematodes to kill the aquatic snail Lymnaea stagnalis 

Monoxenic nematodes were produced in assodation with M, phenylpyruvica strain 48 as described in Example 5 
and formulated in day. as described in Example 7. as a water<lispersable powder containing approximately 0.36 x 10^ 
nematodes per gram (wet weight). Ten individuals of the aquatic snail Lymnaea stagnalis were added to each of five 
10 clean fish tanks which were half-filled with pond water containing some aquatic plants which served as a food source 
for the snails. The tanks were aerated using a small air purrp and maintained at 15*^0. 

To each of the four tanks approxinrmtely 6x10^ nematodes were added in the form of the water-dispersable powder 
formulation. No nematodes were added to the fifth tank which served as a control. After tiiree days incubation, average 
snail mortality in the nematode-treated tanks was 4S%, rising to 100% after six days. There was no mortality in tiie 
15 untreated contrd tank after six days incubation. 

Claims 

1. The use of Phasmarhabditis nematodes for the control of agricultural, horticultural or human and animal healtii 

20 pests. 

2. The use according to daim 1 , in which the nematodes are P neopapillosa or P. hermaphrodita. 

3. The use according to claim 1 or 2. in association witii a suHable growth-promoting bacterium or in assodation witti 
25 a community of suitable growth-promoting bacteria. 

4. The use according to any of claims 1 to 3. for the contrd of mollusc pests of agriculture and horticulture, preferably 
for tiie control of slug pests of the family Limacidae, espedally Deroceras reticulatum and Demceras cawanae\ for 
the control of slug pests of the family Arlonidae, especially Arion ater, Arion intermedius and Arion distinctus; for 

30 the control of slug pests of the family Miladdae. especially Tandonia sowerbyi; or for control of snail pests of the 
femily Helksldae, especially Monacha cantiana. 

5. The use according to any of daims 1 to 3, for the control of mollusc pests of human and animal heafth, preferably 
for the control of snail pests of the genus Lymnaea. 

35 

6. The use according to any of tiie preceding daims. In which the nematodes are applied as dauer lan/ae. 

7. . The use accorcfing to any of the preceding claims, in whk:h the nematodes are applied in conjunction with bacteria 

which promote growth of the nematodes. 

40 

8. A strain of Moraxella phenylpymvica 48, a sample of whteh has been deposited under the accession number 
NCIMB 40508, or a variant, derivative or mutant thereof having ttie ability to pronnote growth, and induce patho- 
genicity towards mdluscs. of Phasmarhabditis nematodes. 

45 9. A strain of Pseudomonas fluorescent 141 . a sample of which has been deposited under ttie accession number 
NCIMB 40509, or a variant, derivative or mutant thereof having tiie atMlity to promote growtii, and induce patho- 
genicity towards molluscs, of Phasmarhabditis nenfiatodes. 

10. A composition for the control of mollusc pests in agriculture, horticulture and human and animal health comprising 
50 a nematode species of the genus Phasmarhabditis in assodation with a suitable growth-promoting bacterium, or a 

community of suitable growUi-promoting bacteria, and a suitable carrier or encapsulation agent. 

1 1 . A composition according to daim 10. in which the nematode is present as dauer larvae. 

55 12. A composition according to daim 10. in which the species is P neopapillosa or P hermaphrodita. 
13. A composition according to daim 10. in which the growth-promoting baderium is selected from: 
Pseudomonas fluorescens 
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Providencia rettgeh 
Serratia proteomaculans 
Aeromonas salmonicida 
Moraxella phenyfpyruvica 
s Bacillus cereus 

Flavobacterium odoratum 
Flavobacterium brevi 

and is preferably Moraxella pherrylp/ruvicsi strain NCIMB 40508 or Pseudomonas fluorescens strain NCIMB 
10 40509. 

14. A composition according to claim 10, in which the carrier is a day. 

15. A water-dispersable powder composition according to any of claims 10 to 14, comprising clacium montmoriilonite 
15 clay, water and nematodes, in which the nematode concentration is from 0.1 to 10^ to 2.0 x 10^ per gram (wet 

weight), preferat)ly from 0.3 x 10^ to 0.8 x 10^ per gram (wet weight). 

16. A method of producing nematodes for the control of molluscs which comprises cutturing Phasmarhetditis nema- 
todes in a liquid medium, preinoculating the growth medium with at least one growth-promoting and pathogenicity- 

20 inducing t>acterium, and recovering dauer larvae. 

17. A method according to claim 16, in which the growth-promoting t>acterium Is selected from: 

Pseudomonas fluorescens 
25 Providencia rettgeri 

Serratia proteomaculans 

Aeromonas salmonicida 

Moraxella phenylpyruvica 

Bacillus cereus 
30 Flavobacterium odoratum 

Flavobacterium brevi 

and is preferably either Moraxella phenylpyruvica oc Pseudomonas fluorescens. 

35 18. A method according to claim 16 or 17, in which the growth medium contains a source of vitamins and minerals, a 
source of triglycerides and a source of protein, and preferably contains kidney, yeast extract and com oil. 

1 9. A method of controlling molluscs which comprises applying to an area subject to infestation therewith molluscicidal 
nematodes of the genus Phasmartiabditis in association with growth-supporting bacteria. 

40 

PatentansprOche 

1. Verwendung von P/7asmar^afxy/fiS-Nematoden zur Bek&mpfung von Schddlingen in der Landwirtschaft, im Gar- 
tenbau Oder von Schddlingen fOr (fie menschliche und tierische Qesundheii 

45 

2. VenAfendung gemdB Anspruch 1 , wobei es sich t>ei den Nematoden urn P. neopspillosa Oder R hermaphrodlta han- 
dett. 

3. Venwendung gemdB Anspruch 1 Oder 2 in Verisindung mit einem geeigneten wachstumsfOrdemden Bakterium Oder 
50 in Verbindung mit einer Gemeinschaft geeigneter wachstum^drdemder Bakterien. 

4. Vennrendung gemdB einem der Anspruche 1 bis 3 zur Bek&mpfung schddlicher Moltusken in der l.andwirtschaft 
und im Gartenbau, vorzugsweise zur Bekdmpfung schadlicher Nacktschnecken der Familie Limaddae, insbeson- 
dere Deroceras reticulatum und Deroceras caruanae, zur Bekdmpfung schddlicher fsJacktschnecken der Familie 

55 Arionidae. insbesondere Arion ater, Arion intermedius und Arion distinctus, zur Bek&rpfung schddlicher Nackt- 
schnecken der Familie Milacidae. insbesondere Tandonia sowerbyi, Oder zur Bekampfung schddlicher Gehause- 
schnecken der Familie Helicidae, insbesondere Monacha carttiana. 
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5. Verwendung gema3 einem der Anspruche 1 bis 3 zur Bekdmpfung von Mollusken, die schddlich fur die menschli- 
Che und tierische Gesundheit sind, vorzugsweise zur Bekdmpfung schddlicher Gehduseschnecken der Gattung 

Lymnaea. 

6. Verwendung gerndB einem der vorangehenden Anspruche. wobei die Nematoden als Dauerlarven angewendet 
werden. 

7. Verwendung genndB einem der vorangehenden AnsprOche, wobei die Nematoden in Verbindung mit Balcterien, die 
das V\^chstum der Nematoden fOrdern. angewendet werden. 

8. Stamm von Moraxella phenylpyruvica 48, von dem eine Probe unter der Zugriffsnummer NCIMB 40508 hinterlegt 
wurde, Oder eine Variante, abgeleitete Form Oder Mutante davon mit der Fdhigkert, das Wachstum von 
Phasmarhabditis-Nevna\o6en zu fOrdern und deren Pathogenitat gegenuber Mollusken zu induzieren. 

9. Stamm von Pseudomonas fluorescens 141. von dem eine Probe unter der Zugriffsnummer NCIMB 40509 hinter- 
legt wurde. Oder eine Variante. abgeleitete Form oder Mutante davon mit der Fdhigkeit, das Wachstum von 
PhasmarhabdftiS'Nematodien zu fOrdem und deren Pathogenitdt gegenOber Mollusken zu induzieren. 

10. Zusammensetzung zur Bekdmpfung schddlicher Mollusken in der Landwirtschaft. Im Gartenbau und von Mollus- 
ken, die schddlich fur die menschliche und tierische Gesundheit sind, umfassend eine Nematoden-Spezies der 
Gattung Phasmarhabditis in Verbindung mit einem geeigneten wachstumsfOrdernden Bakterium oder einer 
Gemeinschaft geeigneter wachstumsfOrdernder Bakterien sowie einen geeigneten Trdger oder ein geeignetes Ein- 
kapselungsmittel. 

11. Zusammensetzung gemaB Anspruch 10. wobei die Nematode in Form von Dauerlarven vorliegt. 

12. Zusammensetzung gemdB Anspruch 10. wobei es sich bei der Spezies um R neopapillosa oder R hermaphrodita 
handelt. 

13. Zusammensetzung gemSB Anspruch 10. wobei das wachstumsfdrdernde Bakterium aus 

Pseudomonas fluorescens, 
Providencia rettgeri, 
Serratia proteomaculans, 
Aeromonas salmonicida, 
Moraxella phenylpyruvica. 
Bacillus cereus, 
Flavobacterium odoratum, 
Flavobacterium brevi . 

ausgewdhlt ist und es sich vorzugsweise um den Moraxellapheny^ru}^ca-S^axTm NCIMB 40508 oder den 
PseudomonasfluorescenS'Stamm NCIMB 40509 handelt 

14. Zusammensetzung gemAB Anspruch 10. wobei der Trdger ein Ton ist 

15. Wasserdispergiert^are Pulverzusammensetzung gemdB einem der AnsprOche 10 bis 14, umfassend Calcium- 
Montmorillonit-Ton. Wasser und Nematoden. wobei die Nematodenkonzentration 0,1 x 10^ bis 2.0 x 10^ pro 
Gramm (NaBgewicht), vorzugsweise 0,3 x 10^ bis 0.8 x 10^ pro Gramm (NaBgewicht), betrdgt 

16. Verfahren zur Gewinnung von Nematoden zur Bekdnpfung von Mollusken, unrrfassend das Kuttivieren von 
Phasmarhabditis-t4ev(\aiodien in einem f lussigen Medium, das Vorimpfen des Wiachstumsmediums mit wenigstens 
einem wachstumsfOrdernden und pathogenitdtsinduzierervjen Bakterium sowie das Gewinnm von Dauerlarven. 

17. Verfiahren gemdB Anspruch 16. wobei das wachstumsfdrdernde Bakterium aus 

Pseudomonas fluorescens, 
Providencia rettgeri, 
Serratia proteomaculans, 
Aeroinonas salmonickia. 
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Moraxelfa phenylpyru\nca. 
Bacillus cereus. 
Flavobacterium odoratum, 
Flavobacterium brevi 

s 

ausgewdhH ist und es sich vorzugsweise entweder urn Moraxelfa phenylpyruvica Oder um Pseudomonas 
fluorescens handett 

18. Verfahren gemdB Anspruch 16 Oder 17. wobei das Wachstumsmedium eine Quelle fQr Vitamlne und Mineralstoffe. 
10 eine Quelle fur Triglyceride und eine Quelle fOr Protein enthdit und vorzugsweise Niere, Hefeextrakt und Mais- 

kelm6i enthdtt. 

19. Verfahren zur Bekgnpfung von Mollusken. umfassend das Auftragen von molluskiciden Nematoden der Gattung 
Phasmarhabditis In Verbindung mit wachstumsfOrdernden Bakterien auf eine Fldche. die von den Mollusken befal- 
ls len ist. 

Revendlcatlons 

1. Utilisation de nematodes Phasmarfiabditls pour la lutte contre des nuislbles agricoles, hortlcoles ou des nuislbles 
20 pour la sant6 humaine et aniniale. 

2. Utilisation suivant la revendlcation 1 , caract6ri86e en ce que les nematodes sont P. neopaplllosa ou P. hermaphro- 

dita. 

25 3. Utilisation suivant la revendlcation 1 ou 2. en association avec une bacteria fiavorisant la croissance convenable. 
ou en association avec une confimunaut6 de bact^ries favorisant la croissance convenables. 

4. Utilisation suivant Tune quelconque des revendlcattons 1^3, pour la lutte contre des nuislbles du type niollusque 
dans Tagriculture et I'horticulture. de pr6f^ence, pour la lutte contre les nuislbles du type limace de la famille des 
30 limacid^s, en particulier Deroceras reticulatum et Deroceras caruanae; pour la lutte contre les nuislbles du type 
limace de la famille des arionid6s. ei partknilier Arion ater. Arion intermedius et Arion distinctus; pour la lutte contre 
les nuisibles du type limace de la famille des milacKl^s. en particulier Tandonia sowerbyi; ou pour la lutte contre les 
nuislbles du type escargot de la famille des h^llcid^. plus particuli^rement Monacha cantlana. 

35 5. Utilisation suivant Tune quelconque des revendications 1 ^ 3, pour la lutte contre les nuisibles du type mollusque 
pour la sant6 humaine et animale, de pr^^rence. pour la lutte contre les nuisibles du type escargot du genre lim- 
n6e. 

6. Utilisation suivant Tune quelconque des revendications pr6cMentes. caract6ris6e en ce que Ton applique les 
40 nematodes sous !a forme de larves r^istantes. 

7. Utilisation suivant I'une quelconque des revendications pr6c^entes. caract^ris^e en ce que Ton applque les 
n^nnatodes en combinaison avec des bact^ries qui favorisent la croissance des nematodes. 

45 8. Souche de Moraxella phenylpyruvica 48, dont un ^chantillon a 6t6 d4pos6 sous le num^o tfacc^ NCIMB 40508. 
ou une variante, un d6rlv6, ou une mutante de cette souche, ayant i'aptitude de favoriser la croissance, et d'induire 
une pattiog6n6cit6 vis-^-vis de mollusques, de nematodes PhasmarhakxJitis. 

9. Souche de Pseudomonas fluorescens 141, dont un 6chantillon a 6t6 d6pos6 sous le num6ro d'acc^s NCIMB 
so 40509, ou une variante. un d6riv6. ou une mutante de cette souche. ayant I'aptitude de favoriser la croissance. et 

dlnduire une patiiog6n6cit6 vis-^-vis de mollusques, de nematodes Phasmarhabcfitis. 

1 0. Composition pour la lutte contre les nuisibles du type mollusque dans Tagriculture. I'horticulture et la sant6 humaine 
et animale, qui comprend une esp^ce de nematode du genre Phasmarhabditis en association avec une bacteria 

55 favorisant la croissance convenable. ou une communaut6 de bact^ries favorisant la croissance convenables, et un 
agent d'encapsulation ou un support appropri§. 

1 1 . Composition suivant la revendlcation 1 0, caract6ris6e en ce que le nematode est present sous la forme de larves 
r^istantes. 
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12. Conposition suivant la revendlcation 10, caract^ris^e en ce que Tesptee est P. neopapillosa ou P; hermaphrodita. 

13. Composition suivant la revendication 10. caract6ris6e en ce que la bacteria fevorisant la croissance est choisie 
parmi les suivantes : 

5 

Pseudomonas f luorescens 
Providencia rettgeri 
Serratia proteomaculans 
Aeromonas salmonicida 
10 Moraxella phenyipyruvica 

Bacilli^ cereus 
Flavobacterium cdoratum 
Flavol>acterium brevi 

75 et est de pr6f 6rence, la souche Moraxella phenyipyruvica NCIMB 40508 ou la souche Pseudomonas f luorescens 
NCIMB 40509. 

14. Composition suivant la revendlcation 10. caract^ris^e en ce que le support est une argile. 

20 15. Composition de poudre dispersible dans I'eau, selon Tune quelconque des revendications 10 ^ 14, corrprenant de 
Targile k base de montmoriilonite caicique. de Teau et des nematodes, caract^ls^e en ce que la concentration en 
nematodes varie de 0.1 ^ 10^ ^ 2.0 x 10^ par gramme (poids humide). de pr^f^rence de 0.3 x 10^ k 0.8 x 10^ par 
gramme (poids humide). 

25 16. Proc^6 de production de nematodes pour la lutte centre des mollusques. caract6ris6 en ce que i'on cultive des 
nematodes Phasmarhabditis dans un milieu liquide. on pr^inocule le milieu de croissance k Taided'au moins une 
bact6rie favorisant la croissance et indulsant une pathog6nteit6 et on r6ci4>^re les larves r^sistarrtes. 

1 7. Proc^6 suivant la revendlcation 16. caract6ris6 en ce que Ton choisit la bact6rie ^vorisant la croissance parmi les 

30 suivantes : 

Pseudomonas f luorescens 
Providencia rettgeri 
Seratia proteomaculans 
35 Aeromonas salmonicida 

Moraxella phenyipyruvica 
Bacillus cereus 
Flavobacterium odoratum 
Flavobacterium brevi 

40 

et cette bact^rie est. de pr^f^ence. Moraxella phenyipyruvica ou Pseudomonas f luorescens. 

18. Proc6d6 suivant la revendlcation 16 ou 17. caract6ris6 en ce que le milieu de aoissance oontient une source de 
vitamines et de substances min^rales. une source de triglyc§rides et une source de prot^ine. et contient, de pr6- 

45 f^rence. des reins, de Textrait de levure et de Thuile de maTs. 

19. Proc6d6 de lutte centre les mollusques. caract6ris6 en ce que Ton applique k une surface sujette k infestation par 
ces mollusques. des nematodes mollusquiddes du genre Phasmarhabditis en association avec des bact6ries favo- 
risant la croissance. 

so 
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Figure 1- Use of Phasmorhabditis nematodes to control plant 
damage caused by field slugs 
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Figure 2. Effects of Phasmorhabditia nematodes on numbers 
of all species of slugs and on numbers of 
Deroceras reticulatum in mini-plot field experiments 
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Figure 3. Bioassay of roonoxenic Phasmorhabditis nematodes 
associated with M. phenylpvruvica or P. rettqeri 
against reticulatum 
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